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ABSTRACT 
We compare results of bottom trawl surveys off Washington, Oregon, and California in 
1977, 1980, 1983, and 1986 to discern trends in population abundance, distribution, and 
biology. Catch per unit of effort, area-swept biomass estimates, and age and length composi-
tions for 12 commercially important west coast groundfishes are presented to illustrate 
trends over the lO-year period. We discuss the precision, accuracy, and statistical signifi-
cance of observed trends in abundance estimates. The influence of water temperature on 
the distribution of groundfishes is also briefly examined. Abundance estimates of canary 
rockfish, Sebastes pinniger, and yellowtail rockfish, S. jlavidus, declined during the study 
period; greater declines were observed in Pacific ocean perch, S. alutus, lingcod, Gphiodon 
elongatus, and arrowtooth flounder, Atheresthes stomias. Biomass estimates of Pacific hake, 
Merluccius productus, and English, rex, and Dover soles (Pleuronectes vetulus, Errex zachirus, 
and Microstomus pacificus) increased, while bocaccio, S. paucispinis, and chilipepper, S. 
goodei, were stable. Sablefish, Anoplopoma fimbria, biomass estimates increased markedly 
from 1977 to 1980 and declined moderately thereafter. Precision was lowest for rockfishes, 
lingcod, and sablefish; it was highest for flatfishes because they were uniformly distributed. 
The accuracy of survey estimates could be gauged only for yellowtail and canary rockfish 
and sablefish. All fishery-based analyses produced much larger estimates of abundance than 
bottom trawl surveys-indicative of the true catchability of survey trawls. Population trends 
from all analyses compared well except in canary rockfish, the species that presents the 
greatest challenge to obtaining reasonable precision and one that casts doubts on the 
usefulness of bottom trawl surveys for estimating its abundance. 
The National Marine Fisheries Service (NMFS), NOAA, 
has conducted groundfish surveys in the northeastern 
Pacific Ocean for over 30 years. The earliest explor-
atory efforts, conducted under the agency's former title 
of the Bureau of Commercial Fisheries, aimed at pro-
viding information on little used or unknown resources. 
Fishing gear development was also an important objec-
tive during many early surveys. When foreign fishing 
fleets began to harvest substantial quantities of ground-
fish off the Pacific coast during the late 1960's, we 
designed and implemented surveys to determine the 
status of the primary target species, Pacific hake, 
Merluccius productus, and to monitor changes in popula-
tion characteristics. In 1976, NMFS increased the scope 
of the Pacific hake surveys and made a commitment to 
build a comprehensive groundfish database from in-
tensive and extensive bottom trawl and hydroacoustic 
surveys to monitor long-term changes in groundfish 
distribution, abundance, and biological features. Scien-
tists incorporate survey results with analyses of commer-
cial fishery data to develop periodic stock assessments 
and provide these assessments to the Pacific Fishery 
Management Council (PFMC) as advice for its annual 
management recommendations. 
Major triennial surveys of west coast groundfish re-
sources were conducted by NMFS in 1977, 1980, 1983, 
and 1986. Detailed information on the latter three 
surveys was published in a series of data reports 
(Weinberg et aI., 1984; Coleman, 1986 and 1988). 
Gunderson and Lenarz (1980) discussed studies based 
on data from the 1977 survey. Dark et ai. (1983) com-
pared the results of the 1977 and 1980 surveys for 
selected rockfish species. Further comparisons were 
delayed until sufficient data allowed examination of 
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longer term population trends. Although the four years 
of information now available allow for comparisons, 
results of additional surveys will add measurably to the 
understanding of the variability common to groundfish 
communities. A better grasp of this variability is particu-
larly important now that the west coast groundfish in-
dustry is capable of easily meeting or exceeding annual 
optimum yields. The development of new fisheries, the 
addition of significan t new fishing effort, and the evolu-
tion of harvesting technology have created major man-
agement challenges for the PFMC and have increased 
the demand for resource information. 
This report compiles and compares the results of 
ground fish surveys conducted in 1977, 1980, 1983, and 
1986 and examines population trends during this pe-
riod. Specific objectives of the study were to 1) deter-
mine trends in distribution and abundance of major 
groundfish species, 2) characterize estimates of length 
composition and age composition of populations of key 
species, 3) evaluate recruitment and year class strength, 
and 4) examine changes in sea temperature and pos-
sible effects on groundfish distribution. 
~ethods ____________________________ __ 
The survey objectives and design in 1977 were some-
what different from those of the 1980, 1983, and 1986 
surveys, but not so different as to preclude meaningful 
com parisons. The 1977 bottom trawl and hydroacoustic 
survey was conducted from Port Hueneme, Calif. (lat. 
34°00'N), to Cape Flattery, Wash. (lat. 48°30'N), to ob-
tain information on the distribution, abundance, and 
biological characteristics of a variety of important rock-
fishes, Sebastes spp., inhabiting the 91-457 m (50-250 
fm) zone (Gunderson and Sample, 1980). Subsequent 
surveys were aimed primarily at determining the distri-
bution, abundance, and biological features of Pacific 
hake and two rockfishes: yellowtail rockfish, Sebastes 
jlavidus, and canary rockfish, S. pinniger (Dark et aI., 
1983; Weinberg et aI., 1984; Coleman, 1986 and 1988). 
The 1980 and 1983 surveys were conducted between 
Monterey Bay, Calif. (Jat. 36'48'N), and central 
Vancouver Island, British Columbia (lat. 49'15'N), be-
tween depths of 55 and 366 m (30-200 fm). The 1986 
survey covered much of the same area, except that no 
sampling was conducted north of the u.S.-Canada hor-
der. Only that portion of the survey area common to all 
four years (Fig. 1) was considered in our analyses and 
comparisons. All surveys were conducted from July to 
October, when Pacific hake and rockfish movements are 
thought to be minimal. Therefore, the probability of 
censusing fish schools more than once as the vessels passed 
through the survey area was minimized. 
The sampling design was shaped mainly by the need 
for multispecies assessments and our desire to estimate 
abundance with the greatest possible preCIsIOn. We 
allocated bottom trawl samples over the survey area in 
proportion to the abundance of commercial landings 
of Pacific hake and key rockfishes. Because sample 
variability is correlated with the mean catch per unit of 
effort (CPUE), more samples were assigned in areas of 
anticipated high abundance to reduce variance. In 1977, 
1980, and 1983, the survey area was subdivided into 
different sampling strata using historical commercial 
catch data for Pacific hake (Edwards et aI., 1981) and 
several valuable rockfish species. We allocated samples 
along transects drawn approximately perpendicular to 
the 55 m (30 fm; 91 m or 50 fm in 1977) isobath. 
Varying the distance between transects allowed us to raise 
or lower the intended sampling density for a stratum. 
The 1977 survey area comprised 14 latitudinal sam-
pling strata for rockfish, each of which was sampled at 
either "low" (transects every 18.5 km) or "high" (tran-
sects every 9.3 km) densities. Because abundance of 
target species was known to vary over the depths sur-
veyed, the survey area was also stratified into four 91-m 
depth zones (91-183 m, 184-274 m, 275-366 m, and 
367-457 m), which also influenced the location of bot-
tom trawl stations on a given transect. The number of 
trawl stations on a transect within a depth stratum was 
proportional to the length of the transect segment within 
the stratum. Stations were then placed randomly along 
transects with the proviso that no two stations could 
occur within 3.7 km (2 nmi) of one another. 
We modified the experimental design ofl977 for the 
1980 survey to better accommodate the changes in 
study objectives. The southern boundary of the survey 
area was moved northward from Port Hueneme to 
Monterey Bay to describe an area that included most of 
the adult Pacific hake, canary rockfish, and yellowtail 
rockfish populations. The bathymetric boundaries were 
changed to 55-366 m to better reflect the depth distri-
bution of the target species. The area was also restratified 
using commercial catch data to define important ca-
nary and yellowtail rockfish areas. This resulted in three 
levels of sampling density and three depth strata (91-
183 m, 184-219 m, and 220-366 m). We established a 
minimum sampling intensity of one trawl haul per 130 
km2 because past survey experience had shown that this 
level of sampling effort produced reasonably precise 
Pacific hake biomass estimates in areas of moderate 
abundance. This "low" sampling density was achieved 
by spacing transects 22.2 km apart. Sampling intensity 
was doubled to create "medium" density strata (transects 
11.1 km apart) where high Pacific hake abundance was 
expected (lat. 42°00'-45°00'N). Sampling was doubled 
again to create "high" density strata (transects 5.6 km 
apart) in the rockfish areas (lat. 42°50'-44°}8'N and 
46"10'-4T20'N) because of the high variability associ-
ated with rockfish catches. 
Sampling 
Densities 
130W 
Dark and Wilkins: Groundfish off Washington, Oregon, and California 3 
4800 
4600 
4400 
Cape Blanco 
~ 
4200 
4000 
3800 
127 124 121 
Figure I 
Survey boundaries and relative sampling densities established for the 1977, 
1980, 1983, and 1986 National Marine Fisheries Service bottom trawl surveys. 
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The 1983 survey design was iden tical to the 1980 
design, except for the addition of stations in a small 
area off northern Washington. These stations were 
added to improve estimates of shelf rockfish abundance 
in an area of growing commercial importance. 
In 1986 we restratified the survey area again and 
allocated sampling effort differently to improve further 
the precision of canary and yellowtail rockfish abun-
dance estimates. Stratification of the survey area was 
based on previous survey results and commercial CPUE 
datal for these two rockfish species. Optimum stratifica-
tion was selected from among three possible schemes 
suggested by the geographic distribution ofCPUE. Varia-
tion in CPUE was expressed in a linear model using 
year, area, and depth as components of variation to 
determine the scheme that best isolated areas of dispar-
ate rockfish densities. The criteria for selection of an 
optimum stratification were minimization of 
within-stratum variation in CPUE for canary and yellow-
tail rockfish and maximization of between-strata varia-
tion. The analysis resulted in six geographic strata (Fig. 
1) and four depth intervals (55-91 m, 92-183 m, 184--
219 m, and 220-366 m), instead of the eight geographic 
strata and three depths used in 1980 and 1983. 
We considered various allocation schemes for distrib-
uting samples among strata. Monte Carlo simulations 
using canary and yellowtail rockfish CPUE data from 
previous surveys were used to estimate the probability 
of detecting different magnitudes of changes in abun-
dance of the two species. The results of these efforts 
indicated that an allocation proportional to the prod-
uct of stratum size and the standard deviation of CPUE 
for the stratum ("approximate Neyman allocation"), 
which simultaneously minimized the variances of both 
canary and yellowtail rockfish abundance estimates, 
would perform best. The resulting allocation scheme, 
tempered by the condition that all strata contain at 
least three samples, was adopted for the 1986 survey. 
The stations allocated to each stratum were systemati-
cally placed along east-west transects spaced 3.7 km 
apart. Beginning at the shallow end of the southern-
most transect, stations were placed at equal intervals 
along the cumulative length of the transects in that 
stratum. This resulted in different sampling densities 
for each stratum that were strictly proportional to the 
station allocation. More detailed descriptions of the 
triennial survey sampling designs were presented by 
Gunderson and Sample (1980), Dark et al. (1983), 
Weinberg et al. (1984), and Coleman (1988). 
I Tagart. J. v .. Washington Department of Fisheries. Natural 
Resources Building. Olympia. WA 98504. Personal (ommun .. 
May 1986. Golden. J. T .. Oregon Department of Fish and 
Wildlife. Hatfield Marine Science Center. Newport. OR 97365. 
Personal commun .. May 1986. 
Bottom trawl vessels ranged in size from the char-
tered vessel Commando (19.8 m) to the NOAA ship 
David Starr Jordan (52.1 m). Four trawlers were em-
ployed in 1977, and two in each of the later surveys. We 
did not have the opportunity to conduct comparative 
fi~hing power studies, so we took special efforts to en-
sure that trawl gear and trawling procedures were stan-
dardized to minimize differences in fishing power 
among vessels. Additionally, in 1980, 1983, and 1986, 
the two vessels sampled alternate transects throughout 
the survey area so that differences in fishing power 
would not affect inter-areal comparisons of results. There 
were minor differences in trawl door weights and tail 
chain lengths to accommodate specific vessel configu-
rations, but all vessels used Noreastern trawls that were 
otherwise rigged identically (Gunderson and Sample, 
1980). These trawls were constructed with 8.9-cm (3.5-in) 
nylon mesh in the intermediate and codend; codends 
were also lined with 3.2-cm (1.25-in) mesh to retain 
juvenile groundfish. An exception occurred in 1986 
when one vessel fished alternately with two Noreastern 
trawls, one constructed of nylon and the other of poly-
ethylene materials. Polyethylene construction was em-
ployed because it was reputed to be more durable and 
was expected to result in less time lost to gear damage. 
The trawls were otherwise identical except that the 
wings of the polyethylene trawl were slightly modified 
to reduce snagging. The relative fishing efficiency of 
the two trawls is presently being evaluated in more 
detail. The area swept by the two trawls differed by 
about 8%, therefore all catches by polyethylene trawls 
were standardized to nylon trawl catches prior to distri-
bution and abundance calculations (Coleman, 1988). 
In situ measurements indicated that the nylon trawl 
had an average wing-tip to wing-tip distance of 13.4 m 
(remeasured at 12.8 m in 1986) and a footrope to 
headrope distance of 8.8 m (7.2 m in 1986). Scope 
ratios used by all vessels were similar and towing speeds 
were held as close as possible to 1.5 m/second. 
If rough seabeds prevented trawling at a designated 
site, all alternative station site was selected nearby. If no 
suitable alternative sites were found, the station was 
considered to be untrawlable and the vessel proceeded 
to the next station. Vessels trawled for 30 minutes at 
each station. Catches were sorted and weighed by spe-
cies, and subsampled for a variety of biological data. We 
measured fork length of fish in random samples of 
target species. Procedures used for representative sam-
pling of catches were described in detail by Gunderson 
and Sample (1980). 
Sea surface temperatures were collected at most sta-
tions with bucket thermometers. The bottom tempera-
ture data used in this study were, in most cases, coUec-
ted with expendable bathythermographs (XBT's), but 
the expanded coUection of bottom temperature infor-
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mation in 1986 was possible through the use of a tem-
perature sensor mounted on the headrope of the trawl. 
The headrope sensor was calibrated with independent 
XBT observations and proved to be accurate. In 1977, a 
minimum temperature recording head rope thermom-
eter was used during most hauls. The data collected 
from the headrope thermometers exhibited so much 
variation that meaningful trends in distribution were 
obscured. Because of this imprecision and the absence 
of measurements north of lat. 44°N, we excluded the 
1977 bottom temperature data from the analysis. 
Relative population densities of target species based 
on survey CPUE data are presented in charts by year, 
depth zone , and OS latitudinal blocks. The chart for 
each species was constructed by calculating the mean 
CPUE in each latitude / depth block in each year. The 
mean CPUE values for 1977 were then ranked in de-
scending order, and the top 10% of the nonzero values 
were assigned to represent the highest density category. 
The next highest 30% of the values represent the mod-
erate density category, and the remaining 60% repre-
sent the lowest density category. Blocks without catch 
or samples are also indicated. These CPUE categories 
were used for all subsequent years; therefore , all den-
si ty val ues are re lative to 1977. 
Biomass estimates for each depth and geographic 
stratum were derived using the following standard 
area-swept equation: 
A A(- IJ B =---.-!.. CPUE x-
I .' aj q 
where B; = estimated biomass in the zth area/ depth 
stratum, A = total area in the zth stratum, a = area swept I ___ I 
during a standard trawl haul, CPUEj = mean CPUE 
(kg/ km) in the zth area or depth stratum, and q = the 
catchability coefficient of the sampling trawl (assumed 
q = 1). The variance about biomass estimates was esti-
mated by 
var(13) = L( ~r var(CPUE;) 
where 
var (CPUE) = 1 L (CPUE _ CPUE)2 . 
I nj (n j -1) 'J ' 
Ninety percent confidence intervals were calculated 
using 
13 ± t( .90.n, ) ~var(B) 
where ne = effective degrees of freedom . 
Although trawl catches tend to be non-normally dis-
tributed, in most cases our sample sizes were suffi-
ciently large that we could reasonably assume that our 
estimator, CPUE j , behaved according to the Central 
Limit Theorem (Fisher, 1921) and was, for practical pur-
poses, normally distributed. Therefore, the assumption of 
normality underlying the use of the variance and confi-
dence interval formulae above was considered satisfied. 
The length composition of a population within a 
stratum was estimated by weighting sample length fre-
quencies from each haul by the CPUE of that haul, 
summing the weighted length frequencies over all hauls 
in a stratum, and then applying that weighted stratum 
length frequency to the estimated population numbers 
in the stratum. Stratum length compositions were con-
verted to estimated stratum age compositions by using 
age-length keys constructed for each International North 
Pacific Fisheries Commission (INPFC) area (Fig. 2). 
Our use of distinct age-length keys minimized any bias 
that might be introduced by different age-length rela-
tionships among INPFC areas. 
Several data limitations affected the analysis of the 
survey data. Because research objectives in 1977 dif-
fered somewhat from those established in subsequent 
years, some data from the four surveys were not exactly 
comparable. As previously mentioned, bottom trawl 
sampling in 1977 occurred between 91 and 457 m (50 
and 250 fm), whereas in later surveys sampling was 
conducted between 55 and 366 m (30 and 200 fm). 
Therefore, we excluded samples collected deeper than 
366 min 1977 from these analyses. Samples collected at 
55-91 m in 1980, 1983, and 1986 could have been 
excluded to achieve consistency, but we included them 
rather than sacrifice a large amount of information. 
Extrapolation of 1977 abundance estimates to the 55-
91 m (30-50 fm) interval based on proportions found 
in that in terval in 1980-86 was unacceptable because 
that would have required assumptions that probably 
are not valid. Alternatively, results of the four surveys 
were compared with the caveat that 1977 absolute abun-
dance estimates are conservative relative to those from 
later years for species that occur mainly in the shallower 
portions of the survey area (e.g. Pacific hake; English 
sole, Pleuronectes vetulus; lingcod, Ophiodon elongatus; ca-
nary rockfish; and yellowtail rockfish) . The 55-91 m 
zone represents 34, 32, 26, and 15% of the area be-
tween 55 and 366 m in the Monterey, Eureka, Colum-
bia, and U.S. portion ofthe Vancouver (U.S.-Vancouver) 
INPFC areas, respectively. As noted previously, depth 
strata employed in the designs of the four surveys dif-
fered as research objectives changed. Depth strata were 
combined to allow the best interannual comparability 
of results for this analysis . Two common depth zones 
(55-183 m and 184-366 m) were ultimately used for 
abundance analysis of all species except shelf (canary 
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and yellowtail) rockfish. Three common depth zones (55-
183 m, 184-219 m, and 220-366 m) were used for these 
two species. Because of the different depth stratification 
in 1977, common depth zones for that survey year were 
91-183 m, 184-274 m, and 275-366 m for shelf rockfish 
and 91-183 m and 184-366 m for all other species. 
We present biomass estimates to provide insight on 
the relative magnitude of various groundfish popula-
tions, but a caution is warranted. A catchability coeffi-
cient of unity (i.e. all fish in the trawl path are caught) 
was assumed in the estimation of biomass. Actual 
catchability coefficients are unknown, but they are cer-
tain to vary within and among species. Biomass esti-
Vancouver 
(US portion) 1977 .t:: 
Columbia 
Eureka 
Monterey 
135 OOW 129 00 
mates generated from bottom trawl surveys also reflect 
an assumption that the trawl is capable of sampling the 
entire habitat of the target species. The Noreastern 
trawl rigged with rollers was selected as our standard 
sampling gear in 1977 because it could be fished over a 
wide range of seabed types and was considered at that 
time to be an effective rockfish trawl. We have elected 
to continue using this trawl, even though trawls that 
appear to be more efficient at catching rockfish are 
now available. This decision was made to preserve data 
comparabili ty and because the Noreastern trawl as 
equipped has suited the multispecies aspects of the 
survey. However, the trawl is a compromise and is prob-
50 OON 
l 
( 
45 00 
Cape Blanco 
Cape Mendocino 
40 00 
Monterey Bay 
123 00 , 1 7 00 
Figure 2 
Distribution of successful bottom trawl hauls during 1977, 1980, 1983, and 1986 National Marine Fisheries 
Service surveys. 
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ably inefficient for some species. For instance, Demory 
et al. 2 reported that a few comparisons between a trawl 
rigged with discs and another rigged with rollers on the 
footrope indicated that the roller-equipped trawl was 
only 25% as efficient in capturing Dover sole, Microstomus 
pacificus. Also, some rockfishes and sablefish, Anoplopoma 
fimbria, range into midwater areas and are not com-
pletely available even to this relatively high opening 
bottom trawl. Herding by trawl components located 
outside the wing tips of the net (e.g. bridles, doors, and 
warps; Carrothers, 1981; Main and Sangster, 1983) will 
tend to compensate for the effects of unavailability and 
escapement. Lacking information on herding in species 
of concern and assuming that escapement and unavail-
ability can be significant, we view our biomass estimates as 
conservatively biased. Biomass estimates probably best serve 
as indicators of changes in relative abundance and are 
used in this study to examine trends in population size. 
Finally, procedural changes could account for some 
of the interannual variability in age compositions ob-
served during the study period. Age determination meth-
ods at the Alaska Fisheries Science Center (AFSC) have 
evolved slowly since 1977 as new techniques have been 
studied and accepted. During 1977-80, groundfish spe-
cies treated in this report were aged using otolith sur-
faces. Otoliths were only sectioned or broken and 
burned to meet special requests or to resolve specific 
questions about ages derived from surface readings. 
Since 1983, greater and more systematic use of the 
break-and-burn technique has been employed, because 
surface ageing methods were shown to underestimate 
the age of older fish (Beamish, 1979 a and b; Chilton 
and Beamish, 1982). All Pacific ocean perch, Sebastes 
alutus, ages are now determined from broken-and-
burned otoliths. All other species are aged using whole 
(surface) or broken-and-burned otoliths. The specific 
method applied is left to the discretion of the otolith 
reader, although most otoliths from older specimens were 
subjected to both techniques. Within- and between-reader 
variability is continuously monitored and maintained at 
the lowest possible levels. The extent of age-determination 
bias will be discussed species by species. 
Results ________________ _ 
Samples Collected 
Survey areas encompassed 28,529 km2 (8,318 nmi2) in 
1977 and 39,463 km2 (11,506 nmi2) in each of the other 
2 Demory, R. L., J. T. Golden, and E. K. Pikitch. 1984. Status of 
Dover sole (Microstomus pacificus) in INPFC Columbia and 
Vancouver areas in 1984. In Pacific Fisheries Management Coun-
cil, Status of the Pacific coast groundfish fishery and recom-
mendations for managemen t in 1985, Appendix 11, 33 p. Pa-
cific Fisheries Management Council, Metro Center, Suite 420, 
2000 S.W. First Avenue, Portland, OR 97201. 
years. The 1977 survey area was smaller because a nar-
rower depth interval was sampled. The 1980 and 1986 
survey areas were slightly smaller than planned because 
adverse weather precluded sampling between lat. 42°00' 
and 42°50'N in 1980 and between lat. 42°07' and 42°50'N 
in 1986. A total of 485 to 515 bottom trawl hauls were 
successfully completed each year in the four INPFC 
statistical areas combined (Table 1, Fig. 2). INPFC ar-
eas (Fig. 2) are commonly used by the PFMC in the 
management of ground fish resources. Sampling was 
emphasized in the Monterey area in 1977 to estimate 
bocaccio, Sebastes paucispinis, and chilipepper, S. goodei, 
abundance. The shift of additional sampling effort to 
more northern areas in 1980, 1983, and 1986 reflected 
our desire to more precisely estimate canary and yel-
lowtail rockfish abundance in that region. 
Length data were collected for 12 species (Table 2) 
and age data for nine species (Table 3). Length and age 
data were collected on a priority basis and therefore 
more data are available for key species. Only a portion 
of the age structures collected have been processed to 
obtain ages. For example, age determinations were only 
available for Pacific hake and canary rockfish in 1983 
and for Pacific hake only in 1986 because of the lack of 
reader expertise in ageing some species and because of 
incomplete validation of ageing methods for others. 
Groundfish Distribution, Abundance, and 
Biological Parameters 
General Distribution and Abundance - The impor-
tance of each INPFC area in terms of the relative abun-
dance of groundfish present during the survey periods 
was examined by using mean CPUE as an index of 
density (Table 4). On average, density of all groundfish 
species combined was greatest in the U.S.-Vancouver 
area (lat. 4T30'N to U.S.-Canada border) followed by 
the Monterey, Eureka, and Columbia areas (Table 4). 
Mean CPUE in the U.S.-Vancouver area was 1.9 times 
greater than that of the Columbia area. Average ground-
fish density in the Monterey area, nearly as great as that 
in the U.S.-Vancouver area, was 1.7 times greater than 
that observed in the Columbia area. Overall, density in 
the shallow depth zone (55-183 m) was slightly greater 
than in the deep zone (184--366 m), and the density in 
1977 was greater than in later survey years. The consid-
erable interannual and bathymetric variability in CPUE 
among areas was due mainly to the distribution of Pa-
cific hake, a large and dynamic component of the west 
coast groundfish complex. 
An examination of the catch rates of predominant 
species by INPFC area (Table 5) revealed latitudinal 
patterns of distribution that have persisted through the 
years. Spiny dogfish, Squalus acanthias, Pacific hake, 
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Table 1 
Numbers of successful bottom trawl hauls and areas surveyed in groundfish surveys off Washington, Oregon, and 
California during 1977,1980,1983, and 1986. 
International North Pacific Fisheries Commission area 
._---- ----
U.S.-Vancouver Columbia 
Depth zone Area surveyed Area surveyed 
(m) (km 2) Hauls (km 2) Hauls 
1977 91-183 2,840 32 10,536 106 
184-366 1,187 38 3,996 122 
Total 4,027 70 14,532 228 
1980 55-183 3,537 17 15,642 288 
184-366 1,200 Y 4,018 62 
Total 4,737 26 19,660 350 
1983 55-183 3,537 46 15,642 237 
184-366 1,200 24 4,052 73 
Total 4,737 70 19,694 310 
1986 55-183 3,546 171 15,665 187 
184-366 1,125 18 3,542 28 
Total 4,671 189 19,207 215 
and Pacific ocean perch were consistently important 
species in the U.S.-Vancouver area. Pacific hake and 
Pacific ocean perch continued to dominate in the Co-
lumbia area, but sable fish and Dover sole began to 
assume a higher rank in the species composition. AJ-
though Pacific ocean perch was prominent in the Co-
lumbia area in 1977 and 1980, its importance fell no-
ticeably in later years. Canary and yellowtail rockfish 
were relatively abundant in the two northern areas, but 
their CPUE declined noticeably in the Eureka and 
Monterey areas, where they were not among the impor-
tant components. In the Eureka area, Pacific hake 
ranked high, reflecting its coastwide dominance. Dover 
sole became relatively more important there. Splitnose 
rockfish, Sebastes diploproa, and stripetail rockfish, S. 
saxicola, emerged as important components in the Eu· 
reka area. Finally, stripetail rockfish became a major 
component of the groundfish community in the 
Monterey area, as did splitnose rockfish, chilipepper, 
and bocaccio. 
In the survey area as a whole, Pacific hake was the 
dominant species in all years. Spiny dogfish CPUE also 
ranked high each year, but annual variability in CPUE 
was evident among other species. Sablefish was among 
the four most abundant species in 1980, 1983, and 1986 
but ranked 13th in 1977. Shortbelly rockfish, S.jordani, 
was prominen tin 1977 and 1986 but was not among the 
species composing 80% of the total groundfish CPUE 
in 1980 and 1983. Likewise, splitnose rockfish was rela-
tively abundant in 1977, 1980, and 1986 but was not 
among the most abundan t species in 1983. 
Eureka Monterey Total 
-_ .. _-- -
Area surveyed Area surveyed Area surveyed 
(km 2) Hauls (km 2) Hauls (km 2) Hauls 
---- --
2,408 19 5,134 82 20,915 239 
1,080 36 1,554 128 7,820 324 
3,488 55 6,688 210 28,735 563 
2,717 24 8,543 56 30,436 385 
1,076 9 1,626 20 7,923 100 
3,793 33 10,169 76 38,359 485 
4,089 40 8,543 55 31,811 378 
1,076 20 1,626 20 7,954 137 
5.165 60 10,169 75 39,765 515 
4,089 27 8,437 60 31,739 445 
1,076 4 1,615 12 7,360 62 
5,165 31 10,053 72 39,100 507 
Trends in Species of M~or Commercial Importance 
Pacific hake - Pacific hake is the largest single 
ground fish resource found off Washington, Oregon, 
and California. Biomass estimates have usually been in 
excess of one million metric tons (t) (Stauffer, 1985). 
The species first became the subject offoreign fisheries 
in the mid-1960's, and since 1978 it has supported a 
substantialjoint venture fishery. Domestic fisheries have 
existed since the early 1960's but, except for the first 
2-3 years of operation, have only accounted for a small 
portion of the total catch. Total catches from 1980 to 
1987 have ranged from 73,151 to 160,448 t, and only 
recently have approached optimum yield levels of 
175,000 to 195,000 t (PacFIN 1986-883). 
Pacific hake were usually present in all depth strata 
throughout the survey area but were most densely dis-
tributed on the continental shelf between 55 and 183 
m; intermediate densities occurred in the 184-366 m 
zone (Fig. 3). From 1977 to 1986, Pacific hake CPUE 
decreased from south to north. Averaged over all years, 
mean CPUE was 93.2 kg/km ill the Monterey area, 76.2 
kg/km in the Eureka area, 33.4 kg/km in the Columbia 
area, and 32.2 kg/km in the U.S.-Vancouver area. The 
greater densities in the southern areas reflect the pres-
ence of abundant prerecruit and recruiting stock com-
ponents. High densities (J 12.3 to more than 453 kg/ 
km) occurred over larger regions in 1983 and 1986. In 
~ Pacific Fisheries Information Network (PacFIN). 1981-88. U.S. 
catches 1981-88. PacFIN, Pacific States i'vlar;,nf' Fisheries Com-
mission, Metro Center, Suile 170, 20Cl) S,W, f,rst Avenue, Port-
land, OR 97201, 
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Table 2 
Number of length samples taken from bottom trawl catches in 1977, 1980, 1983, and 1986 by species, depth zone, and 
International North Pacific Fisheries Commission statistical area. See text for scientific names. 
Pacific hake 
Sablefish 
Yellowtail 
rockfish 
U.S.-Vancouver 
1977 1980 1983 1986 
SI 615 977 977 7,425 
0 2 167 248 551 1,096 
S 
o 
243 189 1,721 
360 155 
S 488 500 820 1,318 
o 
Canary rockfish S 348 1,007 1,676 
104 
Bocaccio 
Chilipepper 
Pacific 
o 
S 
D 
S 
o 
141 66 
7 
ocean perch S 69 184 274 212 
Lingcod 
English sole 
Dover sole 
Rex sole 
Arrowtooth 
flounder 
o 1,765 1,566 1,286 732 
S 
D 
s 
o 
S 
o 
S 
D 
s 
o 
35 
177 204 3,487 
63 48 1,927 
318 115 740 
179 3,076 
97 564 
607 127 5,287 
61 36 739 
Columbia 
1977 1980 1983 1986 
5,594 6,495 18,416 10,843 
1,561 648 4,913 663 
732 890 1,860 1,820 
852 414 1,649 694 
1,195 1,544 2,306 1,585 
178 68 83 42 
186 819 1,644 1,344 
34 
28 
307 
58 52 
63 
27 
29 
23 
50 
17 
4 
35 
3,728 1,609 1,365 257 
70 186 
6 
379 740 3,322 
38 
743 1,452 2,962 
219 516 882 
411 1,182 3,080 
13 182 346 
155 
106 
1,048 
125 
I Shallow (91-183 m in 1977; 55-183 min 1980-1986). 
2 Deep (184-366 m). 
Eureka 
1977 1980 1983 1986 
1,188 946 5,493 2,977 
760 336 1,497 539 
86211 372 40 
12 855 
106 100 207 178 
813 130 
126 
24 
213 
26 
12 
67 
41 
63 
12 
37 
20 
187 
127 
25 
42 
37 
34 
379 250 
396 377 
39 
105 
19 
Monterey 
1977 1980 1983 1986 
3,649 4,744 3,604 10,399 
3,834 1,138 894 924 
1,121 457 245 570 
580 303 
321 28 159 271 
83 407 67 
575 345 19 149 
374 201 410 19 
2,543 581 894 1,720 
562 127 2,553 697 
33 
90 179 321 
81 1,038 
272 363 701 
265 
72 275 
1983, the highest densities (>453 kg/km) of juveniles 
were found off the extreme northern portion of Cali-
fornia and southern Oregon. In 1977,1980, and 1986, 
the CPUE in the Monterey area was 74,747, and 104%, 
respectively, of the CPUE in the Eureka area, whereas 
in 1983 it was only 40%. This northward displacement 
in 1983 may have been a response to unusually warm 
water in the central California region. Bottom tempera-
tures in the Monterey area (Jat. 36'30'-39'30'N) aver-
aged about 1.5'C warmer in 1983 than the average 
combined temperatures from other survey years; tem-
peratures similar to the mean from other survey years 
were not encountered until sampling proceeded north 
of about lat. 41 'OO'N. A large concentration of young 
Pacific hake was found in 1983 between lat. 40'00' and 
42'30'N. This suggests that young fish departed from 
areas where they normally reside and migrated north-
ward until they encountered more suitable cooler tem-
peratures. 
Estimated biomass was generally least in the U .S.-
Vancouver area because of the small size of the area 
and the lower densities observed there (Fig. 4). Bio-
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Table 3 
Number of age samples taken from bottom trawl catches in 1977, 1980, 1983, and 1986 by species, depth zone and 
International North Pacific Fisheries Commission statistical area. See text for scientific names. 
U .5.-Vancouver Columbia 
1977 1980 1983 1986 1977 1980 1983 
Pacific hake Sl 263 348 377 73 1,216 1,784 1,306 
D2 75 120 208 120 648 314 773 
Sablefish S 75 459 
D 126 520 
Yellowtail 
rockfish S 437 305 465 135 722 872 1,154 
D 96 
Canary 
rockfish 5 177 301 281 234 509 647 1,070 
D 104 34 20 
Bocaccio 5 126 66 14 
D 25 
Chilipepper 5 
D 50 
Pacific ocean 
perch 5 294 88 161 591 
D 149 214 429 92 283 500 
15hallow (91-183 m in 1977; 55-183 m in 1980-1986). 
2Deep (184-366 m). 
mass estimates were generally larger in the Columbia 
area, usually because of the greater habitat area there. 
The greatest biomass was often found in the Monterey 
area where estimates were also most variable. For in-
stance, in 1980, 77% of the biomass was found in the 
Monterey area, but in 1977, only 27% was found there. 
These latitudinal shifts in distribution were probably 
related to oceanographic changes, food availability, and 
population age composition. Pacific hake populations 
are stratified latitudinally by age and size; the youngest, 
smallest fish inhabit the southern portion of the species 
range (Nelson and Larkins, 1970; Dark, 1975). In years 
when strong year classes are recruited, the distribution 
usually shifts southward, as in 1980 and 1986. As ex-
pected, 90% confidence intervals (Table 6, Fig. 4) were 
relatively narrow but increased as estimated biomass 
increased. Standard normal variates (Z-statistics) were 
calculated to compare INPFC area and total survey area 
biomass estimates for all possible pairs of years. These 
were tested for significance at the 98% level. (A 
Bonferroni inequality (Miller, 1981) must be assumed 
due to the multiple nature of the tests; therefore, the 
actual probability is equal to (n X p) = 6 x 0.02 = 0.12. 
Eureka Monterey 
1986 1977 1980 1983 1986 1977 1980 1983 1986 
669 503 289 477 252 684 1,101 689 359 
169 102 587 173 228 490 103 260 
68 85 94 
351 78 
197 65 87 141 87 
365 90 78 296 
126 
4 132 116 
136 66 326 
67 1,147 196 386 
775 324 317 
Thus the tests used will be conservative in the rejection 
of the null hypotheses.) Significant differences in total 
biomass estimates were found between 1977 and all 
other years and between 1983 and 1986 (Table 7). 
Major changes i,n Pacific hake abundance occur be-
cause of wide variations in year-class strength (Stauffer, 
1985). Such fluctuations were observed during the pe-
riod of the four surveys. Biomass estimates based on 
bottom trawl catches (a small portion of the total bio-
mass estimate) ranged from 65,983 tin 1977 to 239,153 t 
in 1986, almost a fourfold increase (Table 6). This 
resource is commonly dominated by only a few year 
classes (Bailey and Francis, 1985). The variability of 
recruitment to the stock, therefore, has a large impact 
on overall biomass estimates. Sampling variability can 
also be a significant source of variation in abundance 
estimation. Pacific hake are more uniformly distributed 
than many other species so variances of biomass esti-
mates tend to be smaller. Coefficients of variation (CV) 
for biomass estimates in the entire survey area ranged 
fmm about 12 to 22% over the four surveys (Table 6), 
which represents some of the smallest values observed 
among the species considered in this study. 
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Table 4 
Mean catch per unit of effort of all groundfish species combined (kg/km 
trawled) by year, International North Pacific Fisheries Commission (INPFC) 
statistical area, and depth stratum. 
INPFC area Depth (m) 1977/ 1980 1983 1986 
U.S.-Vancouver 55-183 429 230 182 165 
184-366 181 150 191 122 
55-366 305 190 187 144 
Columbia 55-183 137 64 104 138 
184-366 128 74 134 99 
55-366 133 69 122 1I8 
Eureka 55-183 77 91 192 372 
184-366 42 66 105 207 
55-366 59 76 142 289 
Monterey 55-183 175 314 108 204 
184-366 188 116 258 121 
55-366 181 215 183 163 
Mean of all areas 55-183 200 1I5 143 176 
184-366 166 82 146 144 
55-366 183 97 145 161 
/ The shallow stratum in 1977 was 91-193 m. 
Larger Pacific hake tend to be found over the conti-
nental shelf in waters less than 184 m deep. However, 
the size to depth relationship is not strong and consid-
erable variability exists. Interannual variability is the 
most notable feature of the length data. The length 
composition in 1977 was generally unimodal and char-
acteristic of a mature population, with little evidence of 
abundant, newly recruited hake (Fig. 5). Length distri-
butions in subsequent years were dominated by large 
numbers of fish between 32 and 43 cm, representing 
strong year classes just recruiting to the fishable popu-
lation. In 1983, this mode of small hake predominated 
in the Columbia area, and small fish were even found in 
the Vancouver area. This unusual presence of small hake 
in the northern part of the survey area may have been due 
to a broader distribution typical of extraordinarily large 
year classes or may have been related to major oceano-
graphic changes resulting from the 1982-83 El Nino. 
The population age compositions (Fig. 6) have the 
following characteristics suggested by the length data. 
Females generally reach older ages and the interannual 
variability of the age composition can be dramatic. The 
1977 age composition consisted of individuals ranging 
from 1 to 15 years old; 4- and 7-year-old fish of the 1973 
and 1970 year classes, respectively, prevailed (Fig. 6). 
The 1977 year class emerged prominen tly in 1980 when 
large numbers of age-3 fish in the Monterey and Eureka 
areas accounted for about 67% of the estimated popu-
lation that year (Nelson and Dark, 1985) (i.e. their 
latitudinal distribution may overlap the southern por-
tion of the survey area to a different extent in different 
years). The age composition in 1983 was also character-
ized by a large age-3 ;com ponen t (1980 year class) that 
overwhelmed all other age groups. While the 1977 and 
1980 year classes appear to be of similar magnitude 
based on bottom trawl data, the 1980 and 1983 
hydroacoustic surveys indicated that the 1980 year class 
at age 3 was about 1.9 times larger than the 1977 year 
class at the same age. 4 This may partly account for its 
presence in northern areas in 1983 where the 1977 year 
class did not occur. The 1986 age composition shows 
the 1984 year class, though large, to be smaller than 
either the 1977 or 1980 year classes. However, the avail-
ability of 2- and 3-year-olds may differ enough due to 
incomplete recruitment to preclude a meaningful com-
parison. Assessment of survey and fishery data confirms 
the high abundance of both the 1984 and 1980 year 
classes (Hollowed et aI., 1988). 
Changes in the age composition of the population 
introduced major changes in the distribution of the 
resource. Much of this variation can be explained by 
the recruitment of a succession of weak or average year 
classes punctuated occasionally by strong year classes, 
4 Williamson, N., Alaska Fisheries Science Center, National Ma-
rine Fisheries Service, NOAA, 7600 Sand Point Way NE, Se-
attle, WA 98115. Personal commun., April 1984. 
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Table 5 
Dominant groundfish species composing approximately 80% of the total catch per unit of effort (CPUE) in each 
International North Pacific Fisheries Commission statistical area by year. 
Year 
1977 
Year 
1980 
Species 
Spiny dogfish 
Canary rockfish 
Pacific hake 
Pacific ocean perch 
Pacific herring I 
Arrowtooth flounder 
Silvergray rockfish I 
Yellowtail rockfish 
Lingcod 
Species 
Shortbelly rockfish 
Splitnose rockfish 
Pacific hake 
Chili pepper 
Dover sole 
Spiny dogfish 
Bocaccio 
Stripe tail rockfish 
Species 
Spiny dogfish 
Pacific hake 
Pacific ocean perch 
Arrowtooth flounder 
Dover sole 
Yellowtail rockfish 
Sablefish 
Splitnose rockfish 
Redslripe rockfish I 
Species 
Pacific hake 
Sablefish 
Stripetail rockfish 
Chilipepper 
Bank rockfish I 
U.S.-Vancouver 
CPUE Cumulative 
(kg/km) percentage Species 
59.2 19.4 Pacific hake 
31.2 29.6 Lingcod 
25.7 38,0 Pacific ocean perch 
25.3 463 Yellowtail rockfish 
24.9 54.5 Sablefish 
24,4 62.5 Arrowtooth flounder 
22.4 69.8 Dover sole 
20.8 76.7 Canary rockfish 
9.8 79.9 Sharpchin rockfish I 
Monterey 
CPUE (kg/km) Cumulative percentage 
38.8 21.3 
23.5 34.3 
22.8 46~ 
17.1 56.4 
12.9 63.5 
12.5 70.3 
10.1 75.9 
9.3 81.0 
U .s,-Vancouver 
CPUE Cumulative 
(kg/km) percentage Species 
61.8 32.6 Sablefish 
24.1 45.3 Pacific ocean perch 
15.6 53.5 Pacific hake 
10.8 59.2 Splitnose rockfish 
9.9 64.4 Dover sole 
9.5 69.4 Arrowtooth flounder 
7.3 73.3 Lingcod 
7.1 77.0 Sharpchin rockfish I 
7.1 80.8 Yellowtail rockfish 
Columbia 
CPUE Cumulative 
(kg/km) percentage 
22.4 16.8 
17.0 29.6 
14.2 40.4 
12.1 49.5 
10.5 57.4 
10.2 65.1 
10.0 72.6 
5.3 76.6 
3.7 79.4 
Species 
Pacific hake 
Short belly rockfish 
Spiny dogfish 
Splimose rockfish 
Chilipepper 
Dover sole 
Pacific ocean perch 
Yellowtail rockfish 
Lingcod 
Canary rockfish 
Arrowtooth flounder 
Bocaccio 
Sablefish 
Columbia 
CPUE Cumulative 
(kg/km) percentage 
10.6 15.3 
8.8 27.9 
8.6 40.4 
4.6 47.0 
4.4 53.3 
4.4 59.6 
4.4 65.9 
3.5 70.9 
2.6 74.7 
Darkblotched rockfish I 2.1 77.7 
Yellowmouth rockfish I 1.8 80.2 
Monterey 
crUE (kg/kml Cumulative percentage Species 
118.8 55.3 Pacific hake 
14.0 61.8 Sablefish 
13.9 68.3 Splitnose rockfish 
12.6 74 .1 Spiny dogfish 
11.0 79.2 Pacific ocean perch 
Dover sole 
Arrowtooth flounder 
Lingcod 
Stripetail rockfish 
Darkblotched rockfish I 
Yellowtail rockfish 
Sharpchin rockfish I 
Eureka 
CPUE Cumulative 
Species (kg/km) percentage 
Pacific hake 30.6 51.6 
Dover sole 6.4 62.4 
Splitnose rockfish 3.3 68.0 
Darkblotched rockfish I 2.9 73.0 
Sablefish 2.3 76.8 
Spiny dogfish 2.0 80.2 
Total survey area 
CPUE (kg/kml Cumulative percentage 
25.5 13.9 
22.6 26.2 
17.1 35.5 
14.8 43.6 
10.0 49.0 
9.7 54.3 
7.9 58.6 
7.4 62.6 
7.1 66,5 
6.9 70.2 
6.8 73.9 
6.6 77.5 
5.8 80.7 
Eureka 
CPUE Cumulative 
Species (kg/km) percentage 
Splitnose rockfish 22.0 29.0 
PacifIC hake 15,9 49.9 
Sablefish 10.2 63.4 
Dover sole 5.2 70 .3 
Darkblolched rockfish I 4.5 76.3 
Stripetail rockfish 4.1 81.8 
Total survey area 
CPUE (kg/ km) Cumulative percentage 
21.1 18.6 
11 .0 28.4 
9.8 44 .5 
6.7 51.5 
6.5 58.2 
5.3 63.7 
3.4 67.2 
3.0 70.3 
2.7 73.2 
2.7 75.9 
2.6 78.6 
2.0 80.1 
Year 
1983 
Year 
1986 
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Species 
Spiny dogfish 
Pacific ocean perch 
Redstripe rockfish I 
Pacific hake 
Silvergray rockfish I 
Canary rockfish 
Arrowtooth flounder 
Sharpchin rockfish I 
Sablefish 
Dover sole 
Species 
Stripetail rockfish 
Bocaccio 
Pacific hake 
Chilipepper 
Dover sole 
Spiny dogfish 
Splitnose rockfish 
Sablefish 
Shortbelly rockfish 
Species 
Pacific hake 
Spiny dogfish 
Arrowtooth flounder 
Table 5 (Continued) 
U.S.-Vancouver Columbia 
CPUE Cumulative CPUE Cumulative 
(kg/km) percentage Species (kg/km) percentage 
33.5 17.9 Pacific hake 23.1 19.0 
17.4 27.1 Dover sole 16.1 32.2 
16.5 35.9 Sablefish 15.4 44.9 
16.3 44.6 Darkblotched rockfish I 9.3 52.5 
15.5 52.9 Sharpchin rockfish I 6.3 57.7 
14.8 60.8 Arrowtooth flounder 6.2 62.8 
10.7 66.5 Pacific ocean perch 5.9 67.7 
9.8 71.7 Rex sole 5.8 72.4 
7.9 76.0 Splitnose rockfish 2.8 74.8 
7.5 80.0 Lingcod 2.6 76.9 
Yellowtail rockfish 2.5 79.0 
Monterey 
CPUE (kg/km) Cumulative percentage Species 
30.5 16.6 Pacific hake 
23.7 29.6 Spiny dogfish 
20.9 41.0 Dover sole 
15.9 49.6 Sable fish 
15.0 57.8 Pacific ocean perch 
13.4 65.1 Darkblotched rockfish I 
10.8 71.0 Sharpchin rockfIsh I 
9.3 76.1 Arrowtooth flounder 
8.6 80.8 Canary rockfish 
Rex sole 
Yellowtail rockfish 
Redstripe rockfish I 
Silvergray rockfish I 
U.S.-Vancouver Columbia 
CPUE Cumulative CPUE Cumulative 
(kg/km) percentage Species (kg/km) percentage 
39.7 27.6 Pacific hake 44.4 37.6 
19.7 41.4 Sable fish 9.4 45.6 
13.4 50.7 Dover sole 7.5 51.9 
Darkblotched rockfish I 8.8 56.8 Splitnose rockfish 6.8 57.7 
Pacific ocean perch 7.5 62.1 Darkblotched rockfish I 5.3 62.2 
Sablefish 7.0 67.0 Pacific ocean perch 4.9 66.3 
Walleye pollock I 6.3 71.3 Rex sole 4.3 69.9 
Dover sole 6.3 75.7 Pacific sanddab l 4.0 73.3 
Canary rockfish 5.1 79.2 Arrowtooth flounder 3.5 76.3 
Sharpchin rockfish I 3.5 79.2 
Monterey 
Species CPUE (kg/km) Cumulative percentage Species 
Pacific hake 71.1 43.6 Pacific hake 
Dover sole 15.5 53.1 Dover sole 
Sablefish 10.2 59.4 Sable fish 
Chilipepper 9.1 65.0 Darkblotched rockfish I 
Stripetail rockfish 7.8 70.0 Spiny dogfish 
Spiny dogfish 7.3 74.2 Rex sole 
Rex sole 5.4 77.5 Splitnose rockfish 
Bank rockfish I 4.4 80.2 Arrowtooth flounder 
Pacific ocean perch 
Shortbelly rockfIsh 
Bank rockfish I 
Bocaccio 
Stripe tail rockfish 
Eureka 
CPUE Cumulative 
Species (kg/km) percentage 
Pacific hake 52.1 36.6 
Spiny dogfish 29.8 57.5 
Dover sole 18.2 70.3 
Sablefish 10.1 77.4 
Rex sole 4.2 80.3 
Total survey area 
CPUE (kg/km) Cumulative percentage 
29.4 20.4 
16.0 31.4 
14.9 41.7 
12.1 50.1 
6.5 54.5 
5.8 58.6 
5.3 62.2 
5.1 65.8 
4.6 69.0 
4.4 72.0 
4.1 74.9 
3.8 77.6 
3.3 79.9 
Eureka 
CPUE Cumulative 
Species (kg/km) percentage 
Pacific hake 140.0 48.4 
Dover sole 19.6 55.2 
Darkblotched rockfish I 17.3 61.1 
Shortbelly rockfish 16.0 66.6 
Sablefish 12.9 71.1 
Bank rockfish I 10.7 74.8 
Bocaccio 9.3 78.0 
Splitnose rockfish 7.5 80.6 
Total survey area 
CPUE (kg/km) Cumulative percentage 
73.8 41.3 
12.2 48.2 
9.9 53.7 
8.7 58.6 
7.3 62.7 
4.6 65.2 
4.5 67.7 
4.3 70.1 
4.3 72.5 
4.2 74.9 
3.8 77.0 
3.3 78.8 
3.1 80.6 
I Scientific names not mentioned in text: Pacific herring, Clupea pallasi; silvergray rockfish, Sebasles brevispinis; sharpchin rockfish, S. zacenlrus; dark blotched 
rockfish, S. cramen; redstripe rockfish, S. proriger; yellowmouth rockfish, S. reedi; bank rockfish, S. rufus; walleye pollock, Theragra chalcogramma; Pacific sanddab, 
Cilhanchlhys sardidus. 
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Figure 3 
Distribution of Pacific hake, Merluccius productus, during 1977, 1980, 1983, and 
1986 National Marine Fisheries Service bottom trawl surveys_ 
such as those appearing in 1977, 1980, and 1984. The 
1980 year class at age 3, for example, was estimated to 
be more than 15 times as large as the 1983 year class at 
age 3. The recruitment of the very large 1980 and 1984 
year classes resulted in high catch rates over larger 
regions in 1983 and 1986 than in years without strong 
recruiting year classes. Young Pacific hake are usually 
most concentrated off northern California, but this 
pattern changed in 1983 when the population normally 
found off California was found farther to the north in 
the vicinity of the Oregon-California border. More typi-
cal distributions associated with populations having 
strong recruiting year classes were seen in 1980 and 
1986 when large numbers of juvenile Pacific hake of 
the 1977 and 1984 year classes, respectively, occupied 
the Monterey, Eureka, and southern Columbia areas 
(Coleman, 1986 and 1988). 
Survey results support historical data that indicate 
strong year classes tend to occur in a 3-4 year cycle. 
Francis5 applied a variety of indices to chart the relative 
abundance of the 1960-84 year classes. The 1970, 1973, 
5 Francis, R. C. 1985. Status of the Pacific hake resource and 
recommendations for management in 1986. In Pacific Fisheries 
Management Council, Status of the Pacific coast groundfish 
fishery through 1985 and recommended acceptable biological 
catches for 1986, 22 p. Pacific Fisheries Management Council, 
Metro Center, Suite 420, 2000 S.W. First Avenue, Portland, OR 
97201. 
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Figure 4 
Estimates of Pacific hake, Merluccius productus, biomass and associated 
90% confidence intervals by International North Pacific Fisheries Com-
mission area and year. 
1977, and 1980 year classes were identified as strong by 
all indices. Survey results are consistent with these ob-
servations (Fig. 6). Bailey and Francis (1985) related 
year-class strength to oceanographic features present 
subsequent to spawning and postulated that warm wa-
ter years associated with relatively weak upwelling are 
important to the production of large year classes. 
Mean lengths at age tend to decrease over time (Fig. 
7). The cause of this trend is uncertain, but two circum-
stances may have affected growth. Estimated total bio-
mass (including estimates from hydroacoustic surveys) 
in 1980, 1983, and 1986 were 1.28, 1.11, and 1.78 times 
larger, respectively, than in 1977. These population 
increases may have increased competItIOn for food, 
which resulted in a decreased growth rate for all age 
groups. Another factor is the 1982-83 El Nino, which 
possibly created an adverse environment for good 
growth. Francis5 observed smaller mean weight at age 
in 1983 and 1984 in an analysis based on fishery samples 
and suggested that the El Nino played an important 
role in retarding growth. More recently, Canadian and 
U.S. scientists have observed continuing reductions in 
mean length at age throughout the commercial range 
of Pacific hake; these reductions cannot be readily ex-
plained by intensive exploitation or the factors cited 
above (Hollowed et ai., 1988). 
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Table 6 
Pacific hake, Merluccius productus - Mean catch per unit of effort (CPU E) (kg/km trawled), biomass estimates 
(metric tons), 90% confidence intervals (CI), and coefficien ts of variation (CV in %) of biomass estimates by 
International North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U.S.-Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass CI 
1977 91-183 23.4 4,949 21-9,877 
184-366 9.5 841 512-1,171 
91-366 19.3 5,791 848-10,734 
1980 55-183 42.9 11,293 1,687-20,899 
184-366 5.3 477 190-765 
55-366 33.4 11,770 2,160-21,380 
1983 55-183 28.0 7,381 0-15,647 
184-366 7.7 687 213-1,162 
55-366 22.9 8,068 0-16,347 
1986 55-183 65.1 18,068 8,155-27,982 
184-366 15.1 1,335 750-1,919 
55-366 53.1 19,403 9,559-29,247 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass CI (%) CPUE 
1977 91-183 53.1 9,508 978-18,038 43.6 
184-366 8.0 645 370-921 25.1 
91-366 39.1 10,153 1,619-18,688 48.5 39.4 
1980 55-183 52.2 10,536 694-20,379 218.0 
184-366 10.0 802 0-1,827 19.6 
55-366 40.2 11,338 1,451-21,226 49.S! 18h.3 
1983 55-183 138.0 41,998 17,247-66,748 27.1 
184-366 19.5 1,561 933-2,189 14.3 
55-366 113.3 43,559 18,800-68,317 32.7 25.3 
1986 55-183 132.2 42,321 29,682-5~ ,959 138.0 
184-366 34.5 2,903 550-5,256 38.~ 
55-366 111.9 45,224 32,416-5H,032 16.8 122.0 
Yellowtail rockfish - Yellowtail rockfish is among 
the most important rockfish species off the west coast, 
and in recent years landings have been second only to 
widow rockfish, S. entornelas. Landings from 1980 to 
1987 ranged from 3,214 to 8,718 t and averaged about 
13% of the total rockfish landings (PacFIN3). Because 
of the species' historical commercial importance and 
concern about the status of the resource, it was desig-
nated as a target species for the triennial assessment 
surveys_ 
Many rockfishes display a strong tendency to school, 
which results in contagious or "clumped" distributions_ 
This seriously degrades the precision of area-swept abun-
Columbia 
CV Mean CV 
(%) CPUE Biomass CI (%) 
37.2 29,130 18,623-39,637 
8.1 2,418 717-4,120 
42.4 29.2 31,549 20,998-42,099 20.0 
16.3 18,999 II ,908-26,og I 
2.9 859 438-1,280 
46.8 13.6 19,858 12,756-26,961 21.4 
44.7 52,042 36,920-67,165 
15.3 4,623 3,1 04-6, 141 
57.9 %.7 56,665 41,474-71,856 16.0 
62.9 77,147 50,585-103,710 
5.1 1,421 957-1,885 
28.2 52.3 78,568 52,002-105,134 19.9 
Muntere\, Total 
CV Mean CV 
BiumJ" CI (%) CPUE Biomass CI (%) 
15,875 6,855-24,895 38.6 59,463 43,062-75,864 
2,tilti 0-7,250 11.4 6,520 1,530-11 ,510 
IR,4YI Y,105-27,877 29.6 31.2 65,983 49,344-82,622 15.2 
138,575 70,787-206,303 79.2 179,403 II 0, 139-248,667 
2,373 1,112-3,634 7.6 4,511 2,893-6,129 
140,94H 73,176-208,720 28.7 64.4 183,915 114,634-253,196 22.5 
17,438 10,567-24,310 50.2 118,859 88,628-149,090 
1,727 844-2,609 14.5 8,598 6,723-10,472 
19,165 12,243-26,087 21.6 43.1 127,457 97,167-157,747 14.1 
91,128 63,619-11 R,b37 92.1 228,666 179,217-278,115 
4,829 828-~,830 18.1 10,487 4,140-16,834 
95,957 68,218-123,696 17.1 78.2 239,153 189,367-288,940 12.5 
dance estimates and places high demands on the sam-
pling design. In spitt' of intensive sampling in impor-
tant rockfish areas, abundance estimates are often ac-
companied by relatively large variances_ AJso, biases 
associated with trawl sampling of rockfish probably re-
sult in conservative estimates of abundance. The preci-
sion and accuracy of rockfish abundance estimates will 
be more fully discussed later in this paper. 
In all survey years yellowtail rockfish densities were 
greatest off Washington and central Oregon (Table 8, 
Fig. 8) _ Density tended to decrease from north to south. 
Mean CPUE over all the surveys was 32.2 kg/km in the 
U.S.-Vancouver area, 5.7 kg/km in the Columbia area, 
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Table 7 
Values used to test the significance of observed differences between pairs of biomass estimates for 1977, 1980, 1983, 
and 1986. Asterisks denote significance at P = 0.021. See text for scientific names. 
U .S.·Vancouver 1977 
Columbia 
Eureka 
Monterey 
Total 
1980 
1983 
1977 
J980 
1983 
1977 
1980 
1983 
1977 
1980 
1983 
1977 
1980 
1983 
U.S.·Vancouver 1977 
1980 
1983 
Columbia 1977 
1980 
1983 
Eureka 1977 
1980 
1983 
Monterey 1977 
1980 
1983 
TOlal 1977 
1980 
1983 
Pacific hake Canary rockfish Yellowtail rockfish Bocaccio Chi1ipepper Pacific ocean perch 
0.992 0.431 2.267 0.880 0.778 0.845 0.870 0.866 1.037 1.011 0.891 1.036 0.859 0.743 1.291 
0.299 1.099 
1.716 
0.513 0.983 0.684 0.293 0.058 0.643 0.933 0.314 
1.573 0.556 0.457 1.276 
1.534 2.268 2.785* 1.517 0.050 0.211 1.130 0.959 1.208 0.994 0.861 0.646 1.537 1.251 0.986 1.738 1.883 2.726 
3.667* 3.6J 9* 1.364 0.906 0.412 0.063 0.176 0.168 1.0 11 0.800 0.226 1.086 
1.210 0.239 0.491 0.050 0.199 0.807 
0.158 2.219 3.878* 1.054 3.262* 2.140 0.263 0.021 0.657 2.593* 2.027 1.315 0.800 0.8463.163* 0.701 0.736 0.698 
2.104 3.579* 0.765 0.379 0.320 0.951 1.318 0.869 0.967 2.355 0.246 1.334 
0.103 1.165 0.679 1.127 3.269* 1.116 
2.998* 0.098 4.472*0.983 1.392 0.855 1.156 0.567 1.077 0.602 0.299 0.012 0.132 0.0680.455 1.272 0.822 1.522 
2.993* 1.030 1.476 1.463 1.087 1.610 0.627 0.336 0.0590.394 0.000 1.488 
4.532* 1.234 0.408 0.227 0.364 1.487 
2.765* 2.985* 5.503*0.998 0.387 0.791 1.454 1.158 1.490 0.892 0.019 0.087 0.231 0.0550.444 1.386 1.340 2.136 
0.114 1.505 
1.717 
1.249 1.081 1.856 0.937 0.406 0.126 0.574 0.502 0.J52 0.081 
3.206* 1.185 0.459 0.063 0.275 
Sablefish Lingcod English sole Dover sole Rex sole ArrowlOolh Oounder 
0.052 0.985 0.075 0.572 0.304 0.840 1.494 3.209* 7.772* 0.454 0.498 1.146 0.762 0.052 0.794 0.911 1.393 0.822 
1.230 0.165 0.635 0.528 0.248 1.290 0.801 1.272 0.802 0.490 0.696 0.375 
1.760 1.990 1.650 0.566 1.030 3.185* 
1.803 1.761 1.416 0.299 0.751 0.942 1.392 4.951* 5.484* 3.651* 0.662 1.530 0.144 6.549*9.053* 2.768* 3.185* 1.703 
0.893 1.050 0.726 1.069 3.116* 3.862* 3.919* 4.846* 6.438*8.799* 0.607 2.527 
1.439 2.507* 1.123 0.795 0.917 4.579* 
0.996 2.324 1.883 0.583 1.033 0.413 2.582 4.698* 8.796* 0.344 2.783* 4.986* 0.134 4.150*7.007* 1.330 0.707 1.096 
0.778 0.452 0.252 0.362 3.965* 7.647* 3.597* 5.897* 4.187*7.084* 1.151 0.594 
1.072 0.786 1.702 2.388* 2.500* 0.722 
1.210 1.501 1.828 1.440 0.056 1.611 1.0104.035* 4.151* 1.408 2.309 4.530* 0.153 3.406*5.572* 2.430* 1.776 0000 
1.008 0.422 1.137 0.244 4.612* 5.172* 3.075* 5.040* 3.388* 5.538* 0.868 2.009 
1.298 1.269 1.599 2.487* 2.456* 1.490 
1.964 2.031 2.134 0.416 0.767 1.112 1.498 7.376* 9.128* 3.141* 2.539* 4.588* 0.370 8.113*10.182*1.905 2.541* 1.442 
0.621 0.804 0.520 1.139 5.672* 6.776* 5.145* 6.458* 7.217*9.372* 0.818 1.258 
0.218 3.320* 0.156 2.474* 2.727* 4.950* 
I In fact P < 0.12 due to multiple testing of pairs (Bonferroni's inequality). 
2.3 kg/km in the Eureka area, and 1.5 kg/km in the 
Monterey area. Density in the waters off Washington 
was relatively higher and more uniform in 1977 than in 
later years. In that year and area, yellowtail rockfish 
densities were also higher on the upper continental 
slope between 184 and 366 m (Table 8). Conversely, in 
1986 the species was almost completely confined to the 
continental shelf (depths <184 m), which is more char-
acteristic of its typical distribution. 
Biomass estimates for the entire area ranged from 
10,978 t in 1980 to 24,725 tin 1977 (Table 8). Almost all 
of the estimated biomass occurred on the continental 
shelf in waters less than 183 m. Only 1-5% of the total 
biomass occurred in deeper waters. Biomass consis-
tently decreased in the U.S.-Vancouver area between 
1977 and 1986 (Fig. 9); the 1986 biomass estimate was 
only about 24% of the 1977 estimate. Biomass estimates 
in the Columbia area decreased by 55% (from 11,801 
18 NOAA Technical Report NMFS 117 
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Figure 5 
Pacific hake, Merluccius productus, length compositions by year, depth, and sex . 
to 5,276 t) between 1977 and 1980 but have remained 
rather constant since. The estimated biomass in the 
Eureka and Monterey areas was very low, but there is an 
indication of recent increases in both areas. As typical 
for most rockfishes, sampling variability was large. Co-
efficients of variation for total biomass estimates ranged 
from about 24 to 48%, but were as high as 90% in some 
INPFC areas (Table 8). Confidence intervals for total 
biomass estimates are relatively large and overlap in all 
years even though estimates often differed by more 
than a factor of two (Fig. 9). Biomass estimates did not 
differ significantly among years (Table 7). 
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Figure 6 
Pacific hake, Merluccius productus, age compositions by year, depth, and sex. Numerals at top 
of bars identify prominent year classes. 
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Figure 7 
Pacific hake, Merluccius productus, mean length-at-age by year. 
Length compositions for 1977 and 1980 were simi-
larly unimodal; most lengths ranged between 40 and 54 
cm (Fig. 10). The 1983 distribution was also unimodal 
but the numbers of fish smaller than 40 cm increased, 
suggesting improved recruitment. The length distribu-
tion in 1986 was clearly bimodal with modes at about 33 
and 43 cm. This provides further evidence of good 
recruitment in recent years. Few fish less than about 40 
cm were found to inhabit the deep zone. 
Yellowtail rockfish ages were available only for 1977 
and 1980 (Fig. 11). Ages were determined from read-
ing otolith surfaces in both years, but evidence that 
sectioned otoliths yield older ages may have influenced 
readers to assign older ages to some 1980 samples.6 
This may explain why there appeared to be relatively 
more fish older than about age 17 in 1980. The variabil-
ity in year-class strength in 1977 was not so extreme in 
1980, when only ages 4-15 are compared. The propor-
tion of females aged 10 or older decreased steadily, 
with very few remaining in the population by age 15; 
this is contrary to the usual situation where females 
dominate the older age groups because of their greater 
longevity. In all years males predominated in catches by 
as much as 6: 1, especially in the northern part of the 
survey area (i.e. Columbia and Vancouver areas). A 
similar disproportionate abundance of males has been 
observed in commercial landings in Washington 
(Tagart7). As yet there is no sound explanation for this, 
6 Tagart, j. V., Washington Department of Fisheries, Natural 
Resources Building, Olympia, WA 98504. Personal commun., 
June 1988. 
but it could be a matter of differential availability to 
trawls or a higher rate of natural mortality for females. 
Canary rockfish - Canary rockfish is also one of the 
more commercially important rockfish species in the 
survey area. Between 1980 and 1987, landings varied from 
1,819 to 4,297 t. In 1987 total landings of 2,493 t ranked 
the species third among rockfish, behind widow and yel-
lowtail rockfish. Most of the catch was made in the U.S.-
Vancouver and Columbia areas. In 1987 the two areas 
accounted for 89% of the total landings (PacFIN, 19883). 
Canary rockfish densities showed a latitudinal cline 
similar to that of yellowtail rockfish (Fig. 12, Table 9). 
The mean CPUE of canary rockfish was usually greatest 
in the U.S.-Vancouver area (7.3-66.0 kg/km) and de-
creased southward to the Monterey area (0.3-9.9 kg/ 
km). However, there was some interannual variability 
in canary rockfish distribution. In 1977 densities were 
higher (>50 kg/km) in the northern Columbia area in 
both the 91-183 m and 184-366 m depth zones than 
throughout the remainder of the survey area (mostly 
<12 kg/km; Table 9). In 1980 canary rockfish were 
concentrated more in the southern Columbia area. An 
exception to the usual pattern of distribution occurred 
in 1983 when high densities were found between Point 
Arena and Cape Mendocino, California, as well as the 
7 Tagart,j. V. 1988. Status of the yellowtail rockfish stocks in the 
International North Pacific Fishery Commission Vancouver and 
Columbia areas. In Pacific Fisheries Management Council, Sta-
tus of the Pacific coast groundfish fishery through 1988 and 
recommended acceptable biological catches for 1989, 112 p. 
Pacific Fisheries Management Council, Metro Center, Suite 
420,2000 S.W. First Avenue, Portland, OR 97201. 
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Figure 8 
Distribution of yellowtail rockfish, Sebastes flavidus, during 1977, 1980, 1983, and 
1986 National Marine Fisheries Service bottom trawl surveys. 
area north of lat. 45"30'N. Finally, higher mean densi-
ties were found on Heceta Bank, off southern Oregon, 
in 1986 than in previous surveys. 
Estimates of canary rockfish biomass varied widely 
from 26,732 tin 1977, 6,965 tin 1980, 18,821 tin 1983, 
down to 10,998 t in 1986 (Table 9, Fig. 13). Generally 
lower, variable population levels have been observed 
since 1977. In every year most of the biomass occurred 
in the U.S.-Vancouver and Columbia areas. Almost all 
the estimated biomass was in the 55-183 m depth inter-
vaL The single exception was in the U.S.-Vancouver 
area in 1983, when about one-third of the biomass was 
present in the 184-219 m depth intervaL However, only 
5% of the total biomass over all areas and years was 
found on the continental slope (i.e. deeper than 183 
m). As in yellowtail rockfish, abundance estimates of 
canary rockfish were also highly variable. Because this 
species schools, overall CV's ranged from about 30 to 
73%; values for individual strata reached as high as 98% 
(Table 9). Confidence intervals were large and over-
lapped extensively (Fig. 13). Only the relatively small 
biomass estimates in the Eureka area in 1977 and 1983 
were significantly different (Table 7); estimates were 
higher in 1983 than in 1977. 
Canary rockfish length distributions in 1977 and 1980 
were generally unimodal, with modes at about 50 em, 
but in 1983 a second mode of smaller fish appeared at 
about 30 em (Fig. 14). The latter group was composed 
22 NOAA Technical Report NMFS 117 
Table 8 
Yellowtail rockfish, Sebastes jlavidus - Mean catch per unit of effort (CPUE) (kg/km trawled), biomass estimates 
(metric tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by 
International North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U.S.-Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass CI 
1977 91-183 53.4 11,277 0-22,585 
184-274 2.9 172 0-359 
275-366 2.0 0-3 
91-366 38.2 11,450 140-22,759 
1980 55-183 18.9 4,965 0-10,927 
184-219 0.3 II 0-37 
220-366 0.0 0 
55-366 14.1 4,976 0-10,914 
1983 55-183 17.6 4,640 0-11,700 
184-219 0.8 25 0-50 
220-366 0.0 0 
55-366 13.2 4,665 0-11 ,725 
1986 55-183 9.7 2,689 1,079-4,299 
184-219 0.4 12 0-34 
220-366 0.0 0 
55-366 7.4 2,701 1,091-4,311 
Eureka 
Depth Mean CV Mean 
Year malUm (m) CPUE Biomass Cl (%) CPUE 
1977 91-183 3.6 649 0-1,407 1.0 
184-274 0.3 12 0-34 0.0 
275-366 0.0 0 0.0 
91-366 2.6 661 0-1 ,4 19 66.1 0.7 
1980 55-183 2.6 522 9-1 ,035 0.3 
184-219 0.0 0 0.0 
220-366 0.0 0 0.0 
55-366 2.0 522 9-1,035 57. 1 0.3 
1983 55-183 2.2 671 38- 1,304 2.5 
184-219 0.1 2 (one sample) 0.0 
220-366 0.0 0 0.1 
55- 366 1.8 673 42-1 ,306 54.3 2.1 
1986 55-183 3.5 1,128 178-2,077 3.5 
184-219 0.0 0 0.0 
220-366 0.1 3 0- 10 0.1 
55-366 2.8 1,131 182-2,08 1 50.1 3.0 
mainly of 4- and 5-year-olds of the 1978 and 1979 year 
classes (Fig. 15). In 1986 the length distribution was 
again unimodal but flattened as the 1978 and 1979 year 
classes grew into the 35-45 cm length interval. New 
recruitment was not evident in the 1986 samples. Fe-
males predominated at lengths greater than 55 cm. 
Columbia 
CV Mean CV 
(%) CPUE Biomass CI (%) 
14.5 11 ,325 2,793-19,858 
2.7 465 217-713 
4.6 10 0-22 
57.8 10.9 11,801 3,265-20,337 41.9 
4.5 5,177 151 -10,203 
0.7 58 0-118 
0.2 42 0-108 
68.4 3.6 5,276 250-10,303 56.5 
5.6 6,559 3,457-9,661 
0.7 64 17-112 
5.0 102 2-201 
89.7 4.6 6,725 3,622-9,829 27.8 
4.3 5,312 2,478-8,146 
1.9 178 0-1,280 
0.0 0 
36.0 3.6 5,490 2,643-8,337 30.6 
~onterey Total 
CV Mean CV 
Biomass Cl (%) CPUE Biomass C[ ('fa) 
813 0-1 ,762 15.5 24,064 10,123-38,006 
0 1.9 649 345-954 
0 1.2 II 0-23 
813 0-1,762 62.8 11.6 24,725 10,780- 38,670 33.5 
205 0-416 4.8 10,868 3,234-18,502 
0 0.4 69 7-131 
0 0.1 42 0-108 
205 0-416 61.5 3.9 10,978 3,344- 18,61 3 41.3 
1,579 0-3,700 5.7 13,450 5,482-21,41 8 
0 0.5 92 39-144 
7 0-16 0.2 109 7-209 
1,587 0-3,706 79.7 4.6 13,650 5,682-21 ,619 34.9 
2,326 121-4 ,531 4.6 11,455 6,718-16,192 
0 1.0 190 0-1,299 
6 0-17 0.7 9 0-27 
2,332 127-4,537 56.4 3.8 11,655 6,909-16,400 24.5 
Although sample sizes from the deep zone were small, 
individuals in those samples were generally larger on 
average than those from the shallow zone. 
Canary rockfish age com posi tions for 1977, 1980, 
an d 1983 are presented in Figure 15. Ages were deter-
mined from reading otoli th surfaces in 1977 and 1980. 
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Figure 9 
Estimates of yellowtail rockfish, Sebasles flavidus, biomass and associated 
90% confidence intervals by International North Pacific Fisheries Com-
mission (INPFC) area and year. 
Adoption of sectioning and break-and-burn techniques 
with the 1983 samples resulted in the detection of older 
fish. Whereas 20- to 25-year-olds were the oldest aged in 
1977 and 1980, maximum ages read in 1983 were about 
twice as old. Discrepancies between canary rockfish 
ages read from whole and sectioned otoliths appear to 
arise at about ages 10 to 12 years, or at the age of 
maturity (Gunderson et aI., 1980; Wyllie Echeverria, 
1987), and increase linearly with age (Boehlert and 
Yoklavich, 1984). However, some observations and com-
parisons can be made, assuming that differences be-
tween the ageing techniques resulted in minor differ-
ences in age composition for ages less than 15 years old. 
Canary rockfish ages ranged from 2 to 40 years; samples 
were typically dominated by specimens of age 7-15 
years. Younger fish took on special prominence in 1983 
when large numbers of age 4 and 5 fish of the 1978 and 
1979 year classes appeared. Golden8 reported a similar 
trend in samples from commercial landings in the Co-
8 Golden, 1- T. 1987. Progress report on the status of canary 
rockfish (Sebastes pinniger) in the INPFC Columbia area and 
recommended ABC for 1988_ Unpub\. manuscr., 25 p. Oregon 
Department ofFish and Wildlife, Hatfield Marine Science Cen-
ter, Newport, OR 97365. 
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Figure 10 
Yellowtail rockfish, Sebastes flavidus, length compositions by year, depth, and sex. 
lumbia area. He found that fish less than 13 years of age 
accounted for 26.8% of the 1980-82 population, but 
the same age groups composed 51.3% of the 1983-86 
population. The 1968 year class appeared large in both 
1977 and 1980 survey samples, but the prominent 1961-
64 year classes observed in 1977 were much smaller by 
1980. The 1965 and 1966 year classes seemed relatively 
weak. The 197&-79 year classes, which first appeared in 
significant numbers as age 4-7 fish in 1983, were un-
usually large when compared with the numbers of age 
4-7 fish in 1977 and 1980. 
Dark and Wilkins: Groundfish off Washington, Oregon, and California 25 
By Sex 
2600i---------;====:::;--l 
2000 
1500 
1000 
SEX 
o Females 
I!lm M8I .. 
10 • m ~ ~ ~ 
By Depth 
2600,-----------c======~ 
, 
.1000 
~ i 600 
DEPTH STRATUM 
D Slope (184-219 mJ 
m Shell (91-183 m) 
Age (years) 1 9 7 7 10 • m ~ ~ ~ Age (years) 
10 m m ~ ~ 2 
2WO,--------,=====~ 
. 
l1 ; 
~ 6OOt- --
DEPTH STRATUM 
D Slope (184-219 m) 
II1!'l\I She" (55-1e3 m) 
Age (years) 1 9 8 0 10 • m ~ ~ ~ Age (years) 
Figure 11 
Yellowtail rockfish, Sebastes jlavidus, age compositions by year, depth, and sex. 
Bocaccio - This rockfish species is a common com-
ponent of commercial and recreational groundfish 
catches throughout the survey area, but it is most im-
portant in California fisheries, particularly those in the 
Monterey area. The 1987 coastwide catch was 1,218 t 
and 57% of that was landed in the Monterey area. The 
1980-87 landings ranged from 669 to 4,237 t. 
Survey data showed bocaccio was distributed over a 
broader bathymetric range than the rockfish previously 
discussed (Fig. 16). The CPUE in the deep stratum 
(184-366 m) often equaled or exceeded the CPUE in 
the shallow stratum (55-183 m) (Table 10). Highest 
densities were in the southern portion of the survey 
region in the Monterey and Eureka areas. Some annual 
changes in distribution were observed (Fig. 16). Bocac-
cio rarely occurred in samples taken from about Cape 
Mendocino, California, to Cape Blanco, Oregon, (lat. 
41 'OO'-42'30'N) in 1977 and 1986. Although the species 
did occur in that region during the 1980 and 1983 
surveys, densities were never high. In 1980 and 1983 
the general distribution of bocaccio throughout the 
survey area was similar. The distribution in 1986 was 
discontinuous and patchy, but the estimated biomass was 
relatively large. Such widely scattered but dense aggrega-
tions were not as prevalent during previous surveys. In 
general, densities off California were much lower in 1986. 
Total biomass estimates varied little during the study 
period (7,620-8,162 t), with the exception of 1980 when 
the estimate dropped to 5,186 t (Table 10, Fig. 17). 
Biomass was by far the highest in the Monterey area 
where, on average, 71 % of the total occurred. There is 
an indication that stock reductions have occurred in 
the U.S.-Vancouver and Columbia areas since 1977. 
The greatest reduction occurred in the U.S.-Vancouver 
area, where a decline of 92% was estimated. An appar-
ent population increase was noted in the Monterey 
area in 1983, which may have resulted from recruit-
men t of a large 1977 year class (Thomas9). Abundance 
was most variable in the Eureka area, where the preci-
sion ofbocaccio biomass estimates was among the worst 
in the study. The 90% confidence intervals were plus or 
minus 54, 42, 94, and 119% of the 1977, 1980, 1983, 
and 1986 total biomass estimates, respectively. Coeffi-
cients of variation were 32, 53, 55, and 71 % for the 
same years. This large variability affected the sensitivity 
of the surveys and our ability to detect changes in 
9 Thomas, D. H. 1985. Status of California's bocaccio stock. In 
Pacific Fisheries Management Council, Status of the Pacific 
coast groundfish fishery through 1985 and recommended ac-
ceptable biological catches for 1986, 9 p. Pacific Fisheries Man-
agement Council, Metro Center, Suite 420, 2000 S.W. First 
Avenue, Portland, OR 97201. 
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Figure 12 
Distribution of canary rockfish, Sebastes pinniger, during 1977, 1980, 1983, and 1986 
National Marine Fisheries Service bottom trawl surveys. 
population size. Only the 1977 and 1980 biomass esti-
mates in the Eureka area were found to be significantly 
different (Table 7), even though in some areas interannual 
differences in estimated abundance were relatively large. 
Most of the length data was collected from the 
Monterey area in 1977, 1980, and 1983, but sampling 
was more evenly distributed among INPFC areas in 
1986. Samples were relatively small in all years. Lengths 
in the samples ranged from about 23 to 79 cm (Fig. 18). 
Two prominent modes noted in 1977 and 1986 re-
flected the presence of substantial numbers of rela-
tively new recruits (32-45 cm) and much older fish 
(50-65 cm)_ The 1980 length composition is distinct 
because the population was so strongly dominated by 
fish in the 37-47 cm interval; few fish were longer than 
47 cm. This group was observed in the 1983 length 
composition (46--54 cm), but probably because of 
under-sampling it was not as abundant as we would 
have expected given its abundance in 1980. Contrary to 
observations in other survey years, no fish were less 
than 33 cm in 1983 samples. 
Age data were available only for 1977 and only for the 
Monterey area (Fig. 19). Ages based on otolith surface 
readings ranged from 2 to 13 years but ages from 4 to 9 
years prevailed. Males dominated most age groups, As 
bocaccio became older they were less abundant on the 
shelf and were more likely to occur above the upper 
continental slope. 
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Table 9 
Canary rockfish, Sebastes pinniger - Mean catch per unit of effort (CPUE) (kg/km trawled), biomass estimates 
(metric tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by 
International North Pacific Fisheries Commission statistical area, depth stratum, and year. 
Year 
1977 
1980 
1983 
1986 
Depth 
stratum (m) 
91-183 
184-274 
275-366 
91-366 
55-183 
184-219 
220-366 
55-366 
55-183 
184-219 
220-366 
55-366 
55-183 
184-219 
220-366 
55-366 
Depth Mean 
Mean 
CPUE 
94.1 
0.1 
0.0 
66.0 
9.8 
0.2 
0.0 
7.3 
11.8 
46.9 
0.0 
13.2 
12.1 
0.3 
0.0 
9.2 
Eureka 
U.S.-Vancouver 
Biomass 
19,804 
5 
o 
19,809 
2,579 
7 
o 
2,586 
3,093 
1,544 
o 
4,636 
3,356 
11 
3,367 
CI 
0-53,217 
(one sample) 
0-53,222 
0-6,667 
0-28 
0-6,658 
1,208-4,977 
0-4,293 
1,401-7,872 
1,218-5,495 
2-20 
1,229-5,506 
CV Mean 
CV 
(%) 
98.1 
90.2 
40.6 
38.3 
Monterey 
Mean 
CPUE 
7.3 
2.9 
1.7 
5.7 
2.4 
0.8 
0.1 
2.0 
5.1 
4.5 
0.2 
4.3 
4.4 
0.4 
0.2 
3.7 
Biomass 
5,687 
495 
10 
6,193 
2,835 
71 
13 
2,920 
5,893 
406 
43 
6,342 
5,432 
40 
32 
5,504 
CV Mean 
Columbia 
CI 
2,558-8,817 
0-993 
0-33 
3,040-9,345 
1,l01-4,570 
0-164 
0-31 
1,184-4,655 
2,092-9,694 
0-828 
11-75 
2,528-10,155 
992-9,873 
0-91 
0-73 
1,064-9,945 
Total 
CV 
(%) 
30.5 
35.7 
36.0 
48.3 
Year stratum (m) CPUE Biomass CI (%) CPUE Biomass CI (%) CPUE Biomass CI 
CV 
(%) 
1977 
1980 
1983 
1986 
91-183 
184-274 
275-366 
91-366 
55-183 
184-219 
220-366 
55-366 
55-183 
184-219 
220-366 
55-366 
55-183 
184-219 
220-366 
55-366 
0.2 
0.0 
0.0 
0.2 
6.11 
0.2 
0.1 
4.8 
1.2 
0.0 
<0.1 
1.0 
2.4 
0.2 
2.3 
2.0 
38 
o 
o 
38 
1,235 
6 
5 
1,246 
365 
o 
2 
366 
784 
6 
2 
792 
7-69 
7-69 
0-3,237 
(one sample) 
0-12 
0-3,247 
196-533 
0-5 
198-535 
197-1,371 
0-16 
0-4 
204-1,379 
47.2 
92.0 
27.0 
44.4 
1.4 
1.4 
0.0 
1.3 
0.3 
0.4 
0.0 
0.3 
11.7 
0.0 
0.5 
9.9 
2.0 
0.2 
0.0 
1.7 
Chilipepper - Chilipepper is of minor importance 
to rockfish communities in the U.S.-Vancouver, Colum-
bia, and Eureka areas but is a predominant species in 
commercial and recreational catches from the Monterey 
and Conception areas off California (HenrylO). Between 
1980 and 1987 landings tended to decrease, averaging 
525 
88 
o 
612 
200 
12 
o 
213 
7,432 
o 
45 
7,476 
1,326 
9 
o 
1,335 
0-2,879 
0-264 
17.2 26,134 
1.8 587 
1.1 10 
0-3,024 62.4 12.8 26,732 
0-430 3.0 
0-29 0.5 
<0.1 
0-443 64.5 2.4 
0-15,674 7.1 
9.6 
0-117 0.2 
0-15,716 65.8 6.4 
62-2,591 4.4 
0-29 0.4 
0.1 
70-2,599 56.5 3.6 
6,850 
97 
18 
6,965 
16,782 
1,949 
90 
18,821 
10,899 
65 
33 
10,998 
0-59,627 
88-1,087 
0-33 
0-60,227 73.4 
2,098-11,602 
1-192 
0-36 
2,212-11,717 40.2 
7,560-26,003 
0-4,718 
12-168 
9,265-28,376 30.5 
5,477-16,322 
17-114 
0-77 
5,575-16,421 29.7 
10 Henry, F. D. 1985. A progress report on the status of chili pepper 
(Sebastes goodei) off California. In Pacific Fisheries Managemen t 
Council, Status of the Pacific coast groundfish fishery through 
1985 and recommended acceptable biological catches for 1986, 
16 p. Pacific Fisheries Managemen t Council, Metro Cen ter, 
Suite 420, 2000 S.W. First Avenue, Portland, OR 97201. 
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Figure 13 
Estimates of canary rockfish, Sebastes pinnigl'T, biomass and associated 
90% confidence intervals by International North Pacific Fisheries Com-
mission (INPFC) area and year. 
about 1,493 t and ranging from 669 to 2,427 t (PacFIN, 
1980-873) . 
The distribution and relative abundance of chili-
pepper during the survey years showed no significant 
concentrations north of lat. 41 'OO'N and relatively high 
CPUE values in the Monterey area (Fig. 20). High or 
moderate densities occurred in both depth zones, ex-
cept in 1986 when chilipepper were either absent or 
scarce in waters deeper than 183 m. In some years 
densities on the upper continental slope substantially 
exceeded those on the shelf. Distributions differed little 
annually until 1986, when the deep zone contained a 
smaller proportion of the population. 
Biomass estimates derived from the trawl surveys in-
dicate that this resource was largely confined to the 
Monterey area (Fig. 21). The species was absent in the 
U.S.-Vancouver area. Low densities of chilipepper were 
found in the Columbia area, and only in 1986 did 
significant densities occur in the Eureka area. The 
Monterey area CPUE averaged about 13.3 kg/km over 
the four years, which was 266 and 5 times greater than 
mean CPUE's in the Columbia and Eureka areas, re-
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Figure 14 
Canary rockfish, Sebastes pinniger, length compositions by year, depth, and sex. 
spectively. Biomass estimates in the Monterey area and 
over all areas were remarkably consistent for the 4 
years; values ranged from 7,567 to 9,799 t in the 
Monterey area and from 9,152 to 10,945 t in all other 
areas, suggesting that population sizes were relatively 
stable. Most of the biomass in the Monterey area was 
found on the continental shelf, but from 6% (1986) to 
47% (1977) occurred in waters 184-366 m over the 
upper continental slope (Table 11). The precision of 
biomass estimates for this species was also relatively 
poor. Ninety percent confidence intervals ranged from 
42 to 82% of the total estimates and CV's overall were 
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Figure 15 
Canary rockfish, Sebastes pinniger, age compositions by year, depth, and sex. 
from 25 to 49%. However, in some INPFC areas and 
years CV's approached or exceeded 100%, reflecting 
the extremely contagious distribution of the species. 
Significant differences in biomass were only detected 
between 1977 and 1986 and between 1983 and 1986 in 
the Eureka area (Table 7). 
Chilipepper length compositions consisted of several 
distinct length modes and demonstrated considerable 
interannual variability (Fig. 22). The smallest size group 
(20-28 cm) was present in 1977 and prominent in 
1986. The 28-38 cm category was present in all survey 
years. A third group, ranging from 38 to 53 cm, also 
occurred in all years to a greater or lesser extent. Length 
distributions revealed some aspects of male and female 
growth and survival histories. The right-hand mode 
consisted almost entirely of large females. Males sel-
dom reach lengths greater than 40 cm, whereas females 
commonly attain lengths of 50 cm or greater (Wilkins, 
1980). Approximately equal numbers of males and fe-
males were present in the group of smallest fish. Fish in 
the lower portion (28-33 cm) of the middle group were 
mostly males, while those in the upper portion of the 
group were mostly females. This is probably a result of 
the differential growth rates between the sexes of this 
species noted by Wilkins (1980). The persistent low 
incidence of females in that length interval, however, 
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Distribution of bocaccio, Sebasles paucispinis, during 1977, 1980, 1983, and 1986 
National Marine Fisheries Service bottom trawl surveys. 
could also imply less availability to the trawl during 
certain life history stages. In all years except 1977 most 
fish were found on the continental shelf. Small fish less 
than about 30 cm were prevalent in the shallow zone 
and seldom seen in samples from the upper continen-
tal slope. This observation is similar to that noted in 
length compositions for other rockfish species and pro-
vides evidence that young rockfish generally first recruit 
to fishable populations in shallow water and migrate into 
deeper waters only after attaining larger sizes (Moser, 
1967; Carlson and Haight, 1976; Boehlert, 1977 and 1980; 
Lenarz, 1980; Wilkins, 1980). Samples from the continen-
tal slope mainly contained fish larger than 30 cm. 
In 1977 and 1980, chili pepper ranged from 2 to 22 
years old (based on otolith surface readings), but few 
specimens older than 13 years were present (Fig. 23). 
Age compositions were similar for the two years except 
that 2- and 3-year-old fish, observed in 1977, were not 
seen in 1980. Following the pattern observed previously 
in the depth distribution offish smaller than 30 cm, the 
age 2-3 fish present in 1977 occurred almost exclu-
sively in the shallow (91-183 m) zone. In each year, age-
5 fish were dominant and apparently fully recruited to 
the sampling trawl. The shape of the age compositions 
indicates that variation in year-class strength has not 
been extreme, although the 1977 and 1978 year classes 
32 NOAA Technical Report NMFS 117 
Table 10 
Bocaccio, Sebastes paucispinis - Mean catch per unit of effort (CPUE) (kg/ km trawled), biomass estimates (metric 
tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by Inte rnational 
North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U.S.-Vancouver 
Depth Mean 
Year matum (m) CPUE Biomass CI 
1977 91-183 7.4 1,569 0-4,019 
184-366 0.8 49 3-95 
91-366 5.4 1,618 0-4,068 
1980 55-183 0.5 130 0-291 
184-366 0.4 34 0-98 
55-366 0.5 164 0-333 
1983 55-183 1.2 313 59-567 
184-366 0.2 19 1-37 
55-366 0.9 332 77-587 
1986 55-183 0.4 12J 45-198 
184-366 0.1 9 0-24 
55-366 0.4 130 52-208 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass Cl (%) CPUE 
1977 91-183 0.1 13 0-34 5.6 
184-366 0.2 10 0-27 28.2 
91-366 0.1 22 0-49 72.1 10.7 
1980 55-183 3.3 668 171-1,166 4.6 
184-366 1.3 105 12-197 6.2 
55-366 2.7 773 270-1,277 37.4 4.9 
1983 55-183 05 142 31-253 1.4 
184-366 2.5 198 0-468 46.U 
55-366 0.9 340 57-623 45,9 8.5 
1986 55-183 6.4 2,049 0-4,944 7.2 
184-366 3.0 250 8-492 2.9 
55-366 5.7 2,299 0-5,202 75.3 6.5 
seem to be very much underrepresented in 1980 and 
may be unusually weak or unavailable. 
Pacific ocean perch - Pacific ocean perch was once 
an important rockfish in Washington and Oregon trawl 
landings. Landings increased slowly until the early 1960's 
when U.S. and Canadian landings from the Vancouver 
and Columbia areas peaked at about 8,500 t. Intensive 
foreign fishing during the late 1960's seriously depleted 
stocks, and U.S. and Canadian landings [rom these 
areas plummeted to about 400 tin 1974 (Gunderson e t 
al. 1977). Since 1978 the U.S. Pacific ocean perch fish-
ery has been managed under a program to rebuild 
Columbia 
C\' Mean CV 
(00 CPUE Biomass CI (%) 
0.7 566 55-1,078 
1.1 340 16&-515 
88.7 0.8 907 369-1 ,444 35.6 
0.4 475 197-754 
0.2 68 0-137 
59.6 0.4 544 259-829 31.5 
0.4 462 165-760 
0.4 126 70-181 
45.6 0.4 588 286-891 31.0 
0.2 240 64-416 
1.3 367 0-1,113 
36.0 0.4 607 0-1 ,393 55.1 
MOnl crey Total 
CV Mean CV 
Biomass CI (%) CPUE Biomass cr (%) 
2,1 59 385-3,933 2.7 4,306 1,316-7,297 
2,914 0-6,344 5.8 3,313 65-6,561 
5,073 1,600-8,547 37.4 3.5 7,620 3,482-11 ,758 31.5 
2,956 966-4,946 1.9 4,230 2,164-6,296 
749 52-1,445 1.6 956 253-1,659 
3,705 1,610-5,799 33.9 1.8 5,186 3,014-7,358 25.1 
892 400-1,383 0.8 1,809 1,178-2,440 
5,558 O-12 ,7~6 9.3 5,901 0-13,134 
6,450 0-13,696 65.0 3.3 7,710 447-14,972 54.5 
4,756 0-11 ,517 2.9 7,166 0-16,825 
371 0-780 1.7 995 80-1,910 
5,127 0-11,898 78.8 2.7 8,162 0-17,856 70.9 
stock size using annual catch quotas and trip limits to 
discourage targeting by the fishery. Optimum yields 
and laDdings for the U.S.-Vancouver and Columbia 
areas combined have be~n about 1,300 t since 1987. 
From 1977 to 1986, population densities were great-
est in the northern portion of the survey area and 
generally decreased from north to south, with very low 
densities south of Cape Mendocino (Fig. 24) . Average 
CPUE in the U_S.-Vancouver area (12.0 kg/ km) was 
considerably larger than in the Columbia area (3.0 kg/ 
km), the Eureka area (1.0 kg/ km), and the Mon terey 
area «0.1 kg/km). Relatively high densities occurred 
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Figure 17 
Estimates of bocaccio. Sebastes paucispinis, biomass and associated 90% 
confidence intervals by International North Pacific Fisheries Commis-
sion (INPFC) area and year. 
in the deep zone throughout the area off Washington 
and Oregon in 1977, but in 1980 densities off Oregon 
decreased. There was little change in 1983, but by 1986 
densities were relatively low everywhere except off Wash-
ington. Densities were consistently low in the shallow 
depth zone. 
Our biomass estimates were based on samples from 
waters less than 366 m deep, which did not cover the 
full bathymetric range of this species. However, in 1977 
sampling did occur deeper than 366 m, and results 
showed that the average CPUE in the 36~75 m zone 
was about 6% of the Pacific ocean perch CPUE in 
waters less than 366 m deep (Gunderson and Sample, 
1980). So, although our biomass estimates are certain 
to be conservative, the failure to sample deeper waters 
should not seriously distort our estimates. Almost all of 
the estimated biomass occurred in the Vancouver and 
Columbia areas, with only small amounts appearing in 
the Eureka and Monterey areas (Table 12, Fig. 25). 
Biomass was approximately equally divided between 
the U.S.-Vancouver area and the Columbia area, even 
though the U.S.-Vancouver area is only about 25% as 
large as the Columbia area. Major reductions in stock 
size apparently occurred in both the U.S.-Vancouver 
34 NOAA Technical Report NM.FS 117 
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Bocaccio, Sebastes paucispinis, length compositions by year, depth, and sex. 
and Columbia areas between 1977 and 1980. Little 
change was observed between 1980 and 1983; the total 
estimated biomass in these years was approximately 
48% of that in 1977. Another notable reduction in 
biomass (a 54% decrease) followed in 1986. Pacific 
ocean perch primarily inhabit waters of the upper con-
tinental slope; over the four surveys, an average of91 % 
of the estimated biomass was found there. The preci-
sion of Pacific ocean perch biomass estimates varied 
considerably among strata, as was observed in other 
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Bocaccio, Sebasles pauci-
spinis, age compositions by 
year, depth, and sex. 
"Xl 
Figure 20 
Distribution of chilipepper, Sebas-
lesgoodei, during 1977,1980, 1983, 
and 1986 National Marine Fisher-
ies Service bottom trawl surveys. 
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Figure 21 
Estimates of chilipepper, Sebastes goodei, biomass and associated 90% 
confidence intervals by International North Pacific Fisheries Commis-
sion (INPFC) area and year. 
rockfishes, but preCisIOn was relatively high in most 
instances. Confidence limits for total biomass ranged 
from 46 to 252% of the point estimates. Coefficients of 
variation for total estimates ranged from 27 to 40%. No 
significantly different biomass estimates were found for 
this species (Table 7). 
Pacific ocean perch ranged in length from 11 to 50 
cm, but most were between 30 and 48 cm (Fig. 26). As 
noted in other species discussed in this study, females 
were generally longer than males. Few males were longer 
than 45 cm, while fish of 42-49 cm were often the most 
abundant female length group sampled. Several modes 
were often present due to sexual dimorphism and vari-
able year-class strength. In 1977, 1980, and 1986, a 
mode occurred at about 32 cm marking the entry of 
substantial numbers of young fish. That was not the 
case in 1983 when the population was dominated by 
relatively old fish greater than 34 cm and there was 
little in the way of new recruitment. This could at least 
partly explain the much reduced estimate of biomass in 
1986. Only a very small portion of the resource oc-
curred in the shallow zone and our samples showed no 
particular trend in size with depth. The use of more 
depth strata across the slope would likely have revealed 
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Table 11 
Chilipepper, Sebastes goodei - Mean catch per unit of effort (CPU E) (kg/km trawled), biomass estimates (metric 
tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by International 
North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U .S.·Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass CI 
1977 91-183 0.0 0 
184-366 0.0 0 
91-366 0.0 0 
1980 
55-183 0.0 0 
184-366 0.0 0 
55-366 0.0 0 
1983 55-183 0,0 0 
184-366 0.0 0 
55-366 0.0 0 
1986 55-183 0.0 0 
184-366 0.0 0 
55-366 0.0 0 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass CI (%) CPUE 
1977 91-183 0.6 109 0-293 13.4 
184-366 0.0 0 40.6 
91-366 0.4 109 0-293 96.9 19,6 
1980 55-183 2.9 583 0-1,601 13.1 
184-366 0.0 0 12.1 
55-366 2.1 583 0-1,601 100.0 12.9 
1983 55-183 0.1 9 0-26 10.8 
184-366 0.1 9 0-23 20.9 
55-366 0.1 19 0-39 62.5 12.4 
1986 55-183 9.6 3,083 1,408-4,758 10.8 
184-366 3.1 261 0-580 3.5 
55-366 8.3 3,344 1,647-5,041 30.4 8.3 
a positive relationship between size and depth (Wilkins 
and Golden, 1983; Wilkins and Weinberg, 1987). 
Ages of Pacific ocean perch were based on otolith 
surface readings. Age composition data were available 
only for 1977 and 1980 (Fig. 27), from which two fea-
tures should be noted. In 1977, the 1970 year class 
(7-year-olds) was extremely strong. The unusual strength 
of that year class was also reported by Wilkins and 
Golden (1983) based on a 1979 Pacific ocean perch 
survey. They also observed that the 1970 year class was 
particularly strong in the Columbia area. Surprisingly, 
the 1970 year class was insignificant in the 1980 age 
Columbia 
CV Mean CV 
(%) CPUE Biomass CI (%) 
0.0 0 
0.0 0 
0.0 0 
0.1 87 0-181 
0.0 0 
0.1 87 0-181 65.1 
0.0 0 
0.1 26 0-62 
0.0 26 0-62 79.9 
0.0 0 
0.1 34 0-135 
<0.1 34 0-135 101,4 
Monterey Total 
CV Mean CV 
Biomass CI (%) CPUE Biomass CI (%) 
4,854 1,828-7,879 3.1 4,962 1,932-7,993 
4,189 1,581-6,797 7.3 4,189 1,581-6,797 
9,043 5,217-12,868 25.0 4.3 9,152 5,322-12,981 24.7 
8,316 0-16,805 4.0 8,986 447-17,525 
1,463 423-2,504 2.5 1,463 422-2,504 
9,779 1,238-18,321 52.2 3.7 10,449 1,854-19,044 49.2 
6,849 0-13,921 2.9 6,858 0-13,928 
2,531 378-4,684 4.3 2,566 413-4,719 
9,380 2,030-16,729 46.9 3.2 9,424 2,075-16,774 46.7 
7,126 3,262-10,990 4.1 10,209 4,671-15,748 
441 0-989 1.3 736 0-1,605 
7,567 3,675-1 j ,459 30.8 3.6 10,945 5,358-16,533 30.6 
composition. The reason for this discontinuity is unex-
plained, but sampling error, age determination error, 
and heavy commercial exploitation of that specific year 
classll are possible causes. In 1980 more fish younger 
than 7 years and fewer fish older than 18 years were 
present. Age 4-6 fish occurred in greater numbers in 
1980 than in 1977, suggesting improved recruitment 
since 1977. 
11 Demory, R. L., Oregon Department ofFish and Wildlife, Hatfield 
Marine Science Center, Newport, OR 97365. Personal commun., 
September 1988. 
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Sableftsh - Sablefish has a long history as an impor-
tant species for the west coast groundfish industl)'. An-
nuallandings were less than 6,000 t until the late 1970's 
when a peak catch of about 24,000 t was recorded 
(Francis I2). Sable fish commands a higher price than 
12 Fran cis, R. C. 1985. SlatUS of the sablelish resource of the west 
coast and recommendations for management in 1986. Unpubl. 
man user., 30 p . Northwest and Alaska Fisheries Science Center, 
;-.Jational Marine Fisheries Service, NOAA, 7600 Sand Point 
Way NE, Seattl e , WA 98115. 
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Chili pepper, Sebastes goodei, age compositions by year, depth. and sex. 
most other groundfish species, which enhances its value 
to the industry. Volatile markets and prices have re-
sulted in variable landings more recently, but landings 
have averaged about 13,123 t during 1980--87 (PacFIN 
1980-19873). Landings since 1986 have been limited by 
the optimum yield levels set by the Pacific Fishery Man-
agement Council. 
Sablefish densities were greatest north of Cape 
Mendocino, California, in all survey years (Fig. 28). 
Densities tended to be greater in the deep zone, but 
occasionally high densities were found in small areas 
within the shallow stratum. There were annual, 
small-scale variations in density distributions, but major 
changes over large areas were not noted. 
Biomass estimates are probably minimal because sig-
nificant quantities of sablefish occur in depths greater 
than those surveyed (Low et aI. 13). A trawl survey of the 
upper continental slope off Oregon in late summer of 
1984 showed that only about 50% of the sablefish bio-
mass in the 110-914 m zone occurred between 110 and 
13 Low. L. L., G. K. Tanonaka, and H. H. Shippen. 1976. Sablefish 
of the northeastern Pacific Ocean and Bering Sea. Northwest 
and Alaska Fisheries Science Center, National Marine Fisheries 
Service, NOAA, 7600 Sand Point Way NE, Seattle, WA 98115. 
NWAFC Processed Rep., 115 p. 
366 m (Raymore and Weinberg, 1990). This would 
suggest that the 1977, 1980, and 1983 surveys accounted 
for, at most, only about half of the total biomass. An-
other factor that would contribute to underestimated 
biomass is the relatively low vulnerability of at least 
some population components to capture by trawl. Large 
sablefish may have a lower vulnerability to trawls than 
small sablefish (Parks, 1973) . Therefore, survey bio-
mass estimates presented herein may be used as indices 
of population size (especially for the younger compo-
nent of the population); however, we caution against 
interpreting them as estimates of total population abun-
dance. Sablefish population trends varied among INPFC 
areas (Table 13, Fig. 29). Biomass levels remained rather 
constant in the U.S-Vancouver area. However, in the 
Columbia area, biomass increased markedly between 
1977 and 1983, only to fall by 57% in 1986. The biomass 
peak that occurred in the Columbia area in 1983 was 
not observed in other INPFC areas. Instead, 1983 abun-
dance estimates were lower in those areas than in either 
1980 or 1986. Trends in the Eureka and Monterey area 
were nearly identical. Over all areas, biomass estimates 
increased markedly between 1977 and 1980 only to de-
cline thereafter. However, because of the imprecision of 
the total biomass estimates, the reality of this decline 
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Figure 24 
Distribution of Pacific ocean perch, Sebastes alutus, during 1977, 1980, 1983, and 
1986 National Marine Fisheries Service bottom trawl surveys. 
remains in question. Biomass estimates did not differ 
significantly between any years in any area (Table 7). 
Sablefish caught in trawl samples ranged in length 
from 22 to 70 cm; most were between 35 and 55 cm 
long (Fig. 30). Because of size selection by the trawl and 
the absence of samples from the deeper portions of this 
species' bathymetric range, actual mean population 
lengths were probably greater than sample mean 
lengths. Parks (1973), for instance, found that trawls 
failed to sample sablefish longer than 68 cm in the 
same proportion as did traps. The use of small mesh 
(32 mm) liners in codends probably resulted in the 
trawls sampling small sablefish in proportion to their 
true abundance. Klein l~ found that the minimum re-
tention length for 32-mm mesh was 25 cm. Very few 
sablefish less than 27 cm occurred in our surveys. Most 
sablefish in survey trawl samples are less than 52 cm, 
which until recently was considered an unmarketable 
size by the industry. Except in 1986, length composi-
tions were bimodal in all years, with modes at about 38 
and 46 cm; in 1986, only the ~ode at 38 cm was noted. 
14 KJein, S. J. 1986. Selectivity of trawl, trap, longline and set-net 
gears to sablefish, Anoplopoma Jim/ma. Northwest and Alaska 
Fisheries Science Center, National Marine Fisheries Service, 
NOAA, 7600 Sand Point Way NE, Seattle, WA 98115. NWAFC 
Processed Rep. 86-06, 84 p. 
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Table 12 
Pacific ocean perch, Sebastes alutus - Mean catch per unit of effort (CPUE) (kg/km trawled), biomass estimates 
(metric tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by 
International North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U.S.-Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass C[ 
1977 91-183 0.8 165 0-446 
184-366 84.1 7,424 0-16,037 
91-366 25.3 7,589 0-16,207 
1980 55-183 2.0 525 0-1,294 
184-366 29.1 2,602 0-5,673 
55-366 8.9 3,128 50-6,205 
1983 55-183 4.2 1,093 0-3,183 
184-366 30.1 2,693 980-4,407 
55-366 10.7 3,786 1,262-6,310 
1986 55-183 0.3 73 30-117 
184-366 12.9 1,141 314-1,968 
55-366 3.3 1,214 386-2,043 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass CI (%) CPUE 
1977 91-183 0.1 10 0-26 0.0 
184-366 2.7 220 64-375 <0.1 
91-366 0.9 229 73-385 39.3 <0.1 
1980 55-183 0.4 90 0-232 0.0 
184-366 3.0 238 101-375 <0.1 
55-366 1.2 328 140-515 33.2 <0.1 
1983 55-183 0.1 28 0-67 <0.1 
184-366 4.4 354 4-704 0.0 
55-366 1.0 381 29-734 48.8 <0.1 
1986 55-183 <0.1 <l 0--1 <0.1 
184-366 1.7 141 0-297 1.8 
55-366 0.4 141 0-298 62.6 0.3 
Data from other studies (Chilton and Beamish, 1982; 
Parks and Shaw, 1987; Methot and Hightowerl5 ) indi-
cate that fish in the 38 em mode were primarily age-l 
fish and most of those in the 46 em mode were probably 
age 2-4 fish. In all years, few fish less than 45 em were 
15 Methot, R. , and J. Hightower. 1988. The status of the 
Washington-Oregan-California sablefish stock in 1988. In Pa-
cific Fisheries Management Council, Status of the Pacific Coast 
groundfish fishery through 1988 and recommended accept-
able biologi cal catches for 1989. Appendix B. Pacific Fisheries 
Management Council, Metro Center, Suite 420, 2000 S.W. First 
Avenue, Portland, OR, 97201. 
Columbia 
CV Mean CV 
(%) CPUE Biomass CI (%) 
1.0 802 42-1,562 
19.7 5,854 3,081-8,627 
64.8 6.2 6,656 3,870-9,442 22.5 
0.1 96 13-178 
10.8 3,245 1,167-5,322 
53.7 2.3 3,340 1,260-5,420 35.4 
0.0 58 J-1l4 
9.6 2,889 594-5,184 
37.6 2.0 2,947 651-5,243 43.4 
<0. 1 24 10-37 
5.6 1,559 0-8,534 
38.3 1.0 1,583 0-8,558 69.8 
Monterey Total 
CV Mean CV 
Biomass CI (%) CPUE Biomass CI (%) 
0 0.6 977 170-1,783 
0-2 23.7 13,499 4,595-22,402 
0-2 50.3 6.9 14,475 5,532-23,419 35.5 
0 0.3 710 0-1,492 
6 0-12 10.3 6,090 2,587-9,593 
6 0-12 65.0 2.4 6,801 3,225-10,377 30.2 
6 0-16 0.5 1,184 0-3,276 
0 10.0 5,937 3,193-8,680 
6 0-17 101.0 2.4 7,121 3,835-10,406 27.0 
<l 0-1 <0.1 98 52-144 
230 0-497 5.3 3,072 0-11 ,058 
230 0-497 65.4 1.0 3,169 0-11,149 39.9 
found in the deep stratum, but those of 45-55 em were 
somewhat more equally distributed between the two 
zones. These data and the results of other studies 
(McFarlane and Beamish, 1983; Sasaki, 1985) provide 
good evidence that sablefish first occur in bays, inlets, 
and on the con tinen tal shelf at age 1, move off the shelf 
and onto the upper slope as they grow older, and move 
deeper with increasing age. 
Lingcod - Lingcod has always been an important 
component of west coast trawl landings, but landings 
have recently been less than those of commercially 
important rockfish and flatfish species. Landings in-
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Estimates of Pacific ocean perch, Sebastes alutus, biomass and associated 
90% confidence intervals by International North Pacific Fisheries Com-
mission (INPFC) area and year. 
creased constantly from 806 t in 1963 to 4,146 tin 1983, 
but decreased to 2,561 tin 1987 (Pacific Fishery Man-
agement Council16; PacFIN, 1983 and 19883) . The spe-
cies is sought by recreational as well as commercial 
fishermen. 
16 Pacific Fishery Management Council. 1982. Fishery manage-
ment plan and supplemental environmental impact statement 
for the Washington, Oregon, and California groundfish fish-
ery. Pacific Fisheries Management Council, Metro Center, Suite 
420, 2000 S.W. First Avenue, Portland, OR 97201. 320 p. 
Based on survey CPUE observations, lingcod densi-
ties were always relatively high in the U.S.-Vancouver 
and northern Columbia areas (Fig. 31) . Elsewhere, high 
densities occurred sporadically with little consistency 
among years, but abundance dropped notably south of 
the Columbia area. Average CPUE for the four surveys 
combined was 4.8 kg/ km in the U.S.-Vancouver area, 
5.4 kg/ km in the Columbia area, 1.2 kg/ km in the 
Eureka area, and 1.7 kg/ km in the Monterey area. 
Densities were noticeably higher in the shallow zone, 
although in some areas, particularly in the U.S.-Van-
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Figure 26 
Pacific ocean perch, Sebastes alutus, length compositions by year, depth, and sex. 
couver area in 1980 and 1983, lingcod were also quite 
abundant in the deep zone. The distribution of bio-
mass in 1986 was clearly more patchy than in earlier 
survey years, particularly in the deep zone. 
Most of the lingcod biomass occurred in the Colum-
bia area (Fig. 32, Table 14). The major proportion of 
the biomass was found in the 55-183 m depth interval 
in all areas. Overall, slightly more than 8% of the bio-
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Pacific ocean perch, Sebastes alutus, age compositions by year, depth, and sex. 
mass was estimated to be deeper than 183 m, but in 
certain areas (e.g. the U.S.-Vancouver area in 1983) as 
much as 62% occurred in the deep zone. A declining 
trend in biomass over time was observed in the U.S.-
Vancouver area, but the most dramatic reduction oc-
curred in the Columbia area, where estimates fell from 
12,650 tin 1977 to 1,849 t in 1986. Biomass estimates in 
the Eureka and Monterey areas were relatively small 
and variable, without a discern able temporal trend. 
The dominating influence of the trend in the Colum-
bia area was reflected in the estimates of coastwide 
biomass, which also show a steady and precipitous de-
cline of 77% since 1977. However, because of the rela-
tively large confidence intervals around some of the 
point estimates, this trend may not be valid. For in-
stance, in 1977 the 90% confidence interval for the 
total biomass was ±126% of the point estimate. The CV 
in that year was about 70%, but it then decreased steadily 
from 47% in 1980 to 12% in 1986. Lingcod densities in 
1986 were lower than in other years throughout the 
survey area (Fig. 31), suggesting a declining popula-
tion. The total biomass and Columbia area estimates 
for 1986 were significantly smaller than the correspond-
ing 1983 estimates, but Z values for all other paired 
comparisons were not significant (Table 7). 
English sole -- English sole has long been a mainstay 
10 trawl fisheries of the west coast, but landings have 
decreased in the past eight years from 3,242 tin 1980 to 
2,474 t in 1987 (PacFIN, 1981 and 19883) . Even so, 
English sole usually ranked second among flatfish only 
to Dover sole in tonnage landed Uow and GeibeI 17) . 
English sole were distributed more evenly through-
out the survey area than many other species. Somewhat 
higher densities of English sole were often found off 
California, south of Cape Mendocino (Fig. 33). The 
CPUE averaged over the four surveys ranged from 1.3 
(Eureka) to 2.4 (Monterey) kg/km trawled (Table 15). 
Densities were lower throughout the survey area in 
1977 and 1980, with only scattered pockets of high 
densities. In contrast, higher overall abundance in 1983 
and 1986 resulted in more uniform distributions; densi-
ties were moderate to high over much of the continen-
tal shelf. The species was much less densely distributed 
in depths greater than 183 m. 
Estimates of English sole biomass steadily increased 
between 1977 and 1986 in all areas except Monterey, 
17 Jow, T., and].]. Geibel. 1985. Progress report on the status of 
English sole in California Conception, Monterey, and Eureka 
areas. In Pacific Fisheries Management Council, Status of the 
Pacific Coast ground fish fishery through 1985 and recom-
mended acceptable biological catches for 1986, 7 p. Pacific 
Fisheries Management Council, Metro Center, Suite 420 , 2000 
S.W. First Avenue, Portland, OR 97201. 
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Distribution of sablefish, Anoplopoma fimbria, during 1977, 1980, 1983, and 1986 
National Marine Fisheries Service bottom trawl surveys. 
where biomass decreased 31 % between 1983 and 1986 
(Table 15, Fig. 34). Estimates derived for the entire 
survey area showed continuous increases (1,785 in 1977, 
2,598 in 1980,7,180 in 1983, and 7,313 tin 1986). Only 
5% of the estimated biomass occurred in the deep 
stratum. English sole, and flatfishes in general, are much 
more uniformly distributed than non-flatfishes. Conse-
quently, the precision of flatfish biomass estimates tends 
to be much higher. Therefore, trawl surveys are ca-
pable of detecting smaller changes in population sizes. 
Confidence intervals of biomass estimates were clearly 
compressed (Fig. 34), and CV's for the total biomass 
estimates were less than 20% (Table 15). More than 
half of the biomass estimate pairs that were compared 
by Ztests were significantly different (Table 7). Signifi-
cant changes in abundance took place in all INPFC 
areas and the survey area as a whole, giving more valid-
ity to the observed trends. Total biomass estimates for 
1983 and 1986 were significan tly greater than estimates 
for 1977 and 1980, lending support to the conclusion 
that a major increase in abundance has occurred since 
1980. English sole biomass estimates were low, given 
the magnitude of commercial landings. Relatively low 
vulnerability to the sampling gear and the absence of 
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Estimates of sablefish, Anoplopoma fimvna, biomass and associated 90% 
confidence intervals by International North Pacific Fisheries Commis-
sion (INPFC) area and year. 
sampling throughout the species' bathymetric range 
were probably major factors leading to underestima-
tion. The trawl equipment employed in our groundfish 
surveys was selected to sample rockfish and Pacific hake, 
and the roller gear on the footrope may have caused it 
to be less efficient for capturing flatfish. Flatfish bio-
mass estimates were derived for the purpose of identify-
ing population changes and should be viewed as mini-
mal estimates of abundance. 
Lengths of English sole collected in the 1980, 1983, 
and 1986 surveys ranged from about 14 to 50 cm with 
females predominating at lengths longer than about 29 
cm (Fig. 35). Almost all individuals larger than 40 cm 
were females. The vast majority of the resource was 
located in waters over the continental shelf, so few 
observations were available from the deep zone. How-
ever, a small sample obtained in 1986 was composed of 
fish larger than 32 cm. Little interannual variation in 
the length distribution occurred during the three years 
of record. The most abundant length classes in 1986 
were more broadly distributed than in previous years, 
possibly because of the presence of several strong 
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Table 13 
Sablefish, Anoplopomafimbria - Mean catch per unit of effort (CPUE) (kg/km trawled), biomass estimates (metric 
tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by International 
North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U.S.-Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass CI 
1977 91-183 4.0 848 283-1,413 
184-366 18.9 1,667 0-3,587 
91-366 8.4 2,515 531-4,499 
1980 55-183 6.5 1,711 384-3,039 
184-366 8.2 731 136-1,325 
55-366 6.9 2,442 1,023-3,860 
1983 55-183 1.6 431 0-938 
184-366 10.2 914 488-1,341 
55-366 3.8 1,345 734-1,956 
1986 55-183 6.3 1,740 934-2,547 
184-366 9.9 873 87-1,658 
55-366 7.2 2,613 1,542-3,684 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass CI (%) CPUE 
1977 91-183 3.1 548 16-1,079 1.1 
184-366 1.5 117 48-187 5.8 
91-366 2.6 665 131-1,199 46.3 2.2 
1980 55-183 41.2 8,324 0-2,234 24.9 
184-366 4.3 347 0-708 3.0 
55-366 30.7 8,671 0-22,694 92.6 21.4 
1983 55-183 2.7 832 0-1,669 2.3 
184-366 19.6 1,571 669-2,472 16.2 
55-366 6.2 2,403 1,233-3,573 28.4 4.5 
1986 55-183 13.2 4,211 507-7,916 14.4 
184-366 8.2 693 140-1,246 7.5 
55-366 12.1 4,904 1,178-8,631 45.5 13.3 
year classes; however, no age data were available to 
confirm this_ 
Dover sole - Dover sole is another species that al-
ways has been a key component of trawl landings. In 
recent years, Dover sole and arrowtooth flounder, 
Atheresthes stomias, were the only two flatfishes that have 
contributed to major increases in landings_ From 1963 
to 1968, Dover sole landings averaged about 6,400 t, 
but in 1969 landings rose to 8,643 t and continued to 
increase, reaching 20,719 t in 1983 before declining to 
18,391 t in 1987 (Pacific Fishery Management Coun-
ci1 16; PacFIN, 1984 and 19883). Much of this increase 
Columbia 
CV Mean CV 
(%) CPUE Biomass CI (%) 
4.5 3,513 1,955-5,072 
12.1 3,605 2,720-4,490 
45.2 6.6 7,119 5,385-8,852 14.3 
8.1 9,470 3,759-15,182 
16.7 4,988 1,556-8,420 
33.7 9.9 14,458 7,894-21,022 27.3 
14.3 16,647 1,375-31,920 
22.3 6,723 3,696-9,751 
25.6 16.0 23,371 7,862-38,879 39.3 
5.1 6,269 3,529-9,009 
13.3 3,675 2,478-4,873 
24.2 6.6 9,944 7,009-12,879 17.2 
Monterey Total 
CV Mean CV 
Biomass Cl (%) CPUE Biomass CI (%) 
389 203-575 3.5 5,298 3,580-7,016 
623 400-845 10.5 6,012 3,948-8,076 
1,012 728-1,295 16.6 5.4 11,310 8,676-13,944 13.8 
15,815 0-36,808 15.6 35,321 9,824-60,818 
366 128-604 10.9 6,431 2,946-9,916 
16,181 0-37,167 77.5 14.6 41,752 16,047-67,457 36.9 
1,475 455-2,496 8.2 19,385 4,062-34,708 
1,963 0-4,535 18.9 11,171 7,230-15,113 
3,438 693-6,183 46.7 10.3 30,557 14,783-46,330 30.6 
9,515 899-18,132 8.8 21,736 9,124-34,348 
948 7-1,890 10.8 6,189 4,317-8,061 
10,464 1,819-19,108 49.4 9.1 27,925 15,190-40,660 27.3 
was due to the expansion of the Dover sole fishery to 
new grounds in deep waters, especially off northern 
California. Presently, Dover sole landings are exceeded 
only by Pacific hake landings. 
Most of the Dover sole resource occurred on the 
upper continental slope in the deeper portions of the 
survey area (Fig. 36). There were notable interannual 
variations in distribution and density. Higher densities 
were found in the deep stratum throughout much of 
the survey area in 1977 but densities at all depths were 
uniformly low in 1980. By 1983 densities were higher 
and even more uniform than in 1977. Overall density 
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rose again in 1986, with much of the increase occurring 
south of Washington. In all years, higher densities were 
observed in the Monterey area. 
These values should be considered minimal estimates 
as for English sole. A bottom trawl survey of the upper 
continental slope conducted in the Columbia area in 
1984 between 110 and 914 m (Raymore and Weinberg, 
1990) indicated that 51 % of the estimated Dover sole 
biomass occurred between 36E; and 914 m, a depth 
interval not sampled by the coastwide triennial surveys. 
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Distribution of lingcod, Ophiodon elongatus, during 1977, 1980, 1983, and 1986 
National Marine Fisheries Service bottom trawl surveys . 
This suggests that our biomass estimates are only about 
half the level they would be had sampling occurred as 
deep as 914 m. In all years most of the biomass was in 
the Columbia area (Table 16, Fig. 37), more because of 
the area's size than higher fish density. As with English 
sole, the population size of Dover sole increased during 
the survey period in all areas except the U.S.-Vancouver 
area. The 29% decrease in estimated biomass (from 
15,054 to 10,698 t) observed between 1977 and 1980 
was reversed in 1983 and 1986 when total biomass esti-
mates increased to 19,241 and 25,121 t, respectively. 
Thus, estimated total stock size increased between 1980 
and 1986. The relatively uniform distribution of Dover 
sole led to low estimates of variance (overall CV's were 
less than 10%) and narrow confidence limits (15% or 
less of the total biomas.s estimates). Biomass estimates 
for this species were the most precise in this study. The 
total biomass estimates for all years were significantly 
different from one another, giving credibility to the major 
biomass increases observed since 1980 (Table 7). Many 
significant interannual differences in biomass were ob-
served in all INPFC areas except the U.S.-Vancouver 
area. Thus, the increasing trend in biomass was nearly 
coastwide during the study period. 
Dover sole ranged in length from 15 to 64 em, with 
most fish between 25 and 45 em (Fig. 38). Females were 
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Estimates of lingcod, Ophiodon elongatus, biomass and associated 90% 
confidence intervals by International North Pacific Fisheries Commis-
sion (INPFC) area and year. 
larger than males on average, and they predominated 
at lengths greater than about 38 cm. Males tended to 
predominate in the 25-35 cm length range, which may 
be a result of differential growth rates or perhaps un-
equal vulnerability to the sampling gear. The length 
distribution shifted somewhat toward larger sizes when 
samples from the deep zone were isolated, displaying a 
tendency for length to increase with depth. The popu-
lation was composed of a greater proportion of small 
fish «28 cm) in 1983 and 1986 than in 1980, but 
otherwise few interannual differences in size composi-
tion were observed. 
Rex sole - Landings of rex sole, Errex zachirus, have 
varied between 1,200 and 1,745 t from 1981 to 1987 
(PacFIN, 1982-19883). Although the species is com-
mon in mixed species trawl catches, it usually ranks 
only fourth or fifth among flatfish landings. This re-
mained true in 1987, when the ex-vessel price was about 
$0.38 per pound, which was higher than that paid for 
Dover sole or arrowtooth flounder-the two most abun-
dant species in the landings (PacFIN, 19883). 
Rex sole densities displayed notable interannual vari-
ability (Fig. 39). Densities in 1977 and 1980 were lower 
in all INPFC areas than in subsequent years. However, 
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Table 14 
Lingcod, Gphiodon elongatus - Mean catch per unit of effort (CPUE) (kg/km trawled), biomass estimates (metric 
tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by International 
North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U.S.-Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass C[ 
1977 91-183 0.7 2,260 0-5,298 
184-366 0.2 17 0-38 
91-366 7.6 2,277 0-5,315 
1980 55-183 3.6 951 47-1,854 
184-366 4.4 393 0-1,059 
55-366 3.8 1,343 274-2,413 
1983 55-183 4.4 1,152 689-1,615 
184-366 7.3 652 194-1,1 10 
55-366 5.1 1,805 1,172-2,438 
1986 55-183 3.5 974 735-1,213 
184-366 0.4 31 0-64 
55-366 2.8 1,005 764-1,246 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass CI (%) CPUE 
1977 91-183 1.4 242 63-420 3.3 
184-366 0.4 32 0-71 2.7 
91-366 1.1 274 93-455 38.3 3.2 
1980 55-183 1.8 356 0-752 0.8 
184-366 0.8 67 0-168 1.7 
55-366 1.5 423 19-827 55.1 0.9 
1983 55-183 1.3 391 47-735 2.3 
184-366 1.4 108 18-197 0.2 
55-366 1.3 499 149-848 38.2 1.9 
1986 55-183 0.8 253 136-371 0.8 
184-366 0.9 79 0-210 1.0 
55-366 0.8 332 170-494 28.1 0.8 
in all years the Monterey area was the most important 
region for rex sole. In contrast, the U.S.-Vancouver 
area always contained lower densities. As overall bio-
mass increased in 1983 and 1986 (Fig. 40), densities in 
the Monterey, Eureka, and Columbia areas increased 
markedly. Increases in biomass resulted in the same 
types of distributional changes that have been noted 
for other flatfishes; the distribution became more ho-
mogeneous and young fish were more abundant in the 
55-183 m depth zone. 
Rex sole biomass followed the pattern observed in 
other flatfish species, with major increases occurring in 
Columbia 
CV Mean CV 
(%) CPUE Biomass C[ (%) 
15.8 12,343 0-33,121 
1.0 307 85-529 
66.2 11.7 12,650 0-33,429 90.7 
7.4 8,548 0-19,450 
0.6 167 41-292 
46.5 6.0 8,715 0-19,617 73.6 
2.9 3,419 2,096-4,741 
2.0 597 333-862 
20.8 2.7 4,016 2,669-5,363 20.2 
1.4 1,698 1,227-2, I 69 
0.5 151 0-334 
14.5 1.2 1,849 1,355-2,343 16.0 
Monterey Total 
CV Mean CV 
Biomass CI (%) CPUE Biomass CI (%) 
1,234 0-4,203 10.5 16,080 0-37,055 
279 0-675 1.1 635 214-1,055 
1,513 0-4,705 33.4 8.0 16,714 0-37,693 69.3 
504 176-832 4.6 10,359 0-21,308 
210 7-413 1.4 836 151-1,521 
714 332-1,095 32.0 3.9 11,195 227-22,163 57.7 
1,442 399-2,485 2.7 6,404 4,639-8,169 
26 0-62 2.3 1,384 862-1,905 
1,468 425-2,511 42.4 2.6 7,788 5,953-9,622 14.2 
516 245-787 1.4 3,441 2,772-4,110 
124 0-349 0.7 385 10-761 
641 313-968 30.2 1.2 3,826 3,083-4,569 11.7 
1983 and 1986 (Fig. 40, Table 17). Little change was 
observed in the U.S.-Vancouver area, but significant 
increases in abundance occurred in all areas to the 
south (Table 7). The greatest percentage change took 
place in the Eureka area, where the 1986 biomass was 
about ten times greater than the 1977 and 1980 esti-
mates. The overall rex sole biomass estimate increased 
by 254% between 1980 and 1986. Variances were rela-
tively small; CV's for total biomass estimates were less 
than 12%. 
Rex sole ranged in length from 10 to 48 cm; most 
occurred in a single mode between 20 and 33 cm (Fig. 
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Figure 33 
Distribution of English sole, Pleuronectes vetulus, during 1977, 1980, 1983, and 1986 
National Marine Fisheries Service bottom trawl surveys. 
41) _ Differential growth between sexes was similar to 
that found in other flatfishes; females were generally 
larger than males and dominated at sizes greater than 
28 cm. Again, little interannual variation in length com-
position was apparent. 
Arrowtooth Flounder - Historically, arrowtooth 
flounder has been considered a low value species and 
typically was used in the reduction industry_ Landings 
have been small, amounting to only a few hundred tons 
annually_ However, landings began to increase in the 
early 1980s and in 1987 they were more than triple 
historical levels at 2,831 t (PacFIN, 19883; Coleman and 
Raymore l8) _ Although that was still a relatively low utili-
zation rate, an expanding market would lead one to 
anticipate continued increases in landings_ 
Arrowtooth flounder occurs mainly in the Gulf of 
Alaska_ The area covered by these surveys is at the 
southern extreme of its range, A distinct latitudinal 
cline in arrowtooth flounder density was observed off 
the west coast from 1977 to 1986 (Fig_ 42) _ On average, 
I" Coleman, B. A., and P. A. Raymore Jr. 1990. An investigation of 
the history and population trends for the Pacific west coast 
arrowtooth flounder (Atheresthes stomias) resource from 1975-
1986. Unpub!. manuscr., 72 p. Alaska Fisheries Science Center, 
l\iational Marine Fisheries Service, NOAA, 7600 Sand Point 
Way NE, Seattle, WA 98115. 
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Table 15 
Englisb sole, Pleuronecies vetulus- Mean catch per unit of effort (CPUE) (kg/km trawled), biomass estimates (metric 
tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by International 
North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U.S.-Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass CI 
1977 91-183 0.3 63 26-99 
184-366 0.1 8 1-14 
91-366 0.2 71 34-108 
1980 55-183 2.1 556 0-1,149 
184-366 0.2 23 0-51 
55-366 1.6 578 0-1,170 
1983 55-183 2.4 634 322-945 
184-366 0.5 41 0-114 
55-366 1.9 674 360-988 
1986 55-183 3.7 1,022 808-1,235 
184-366 0.2 21 3-39 
55-366 2.8 1,043 828-1,257 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass CI (%) CPUE 
1977 91-183 <0.1 3 0-8 2.0 
184-366 0.0 0 0.3 
91-366 <0.1 0-8 96.2 1.6 
1980 55-183 0.5 98 27-169 0.9 
184-366 0.1 5 0-9 0.4 
55-366 0.4 102 31-174 37.5 0.8 
1983 55-183 2.4 739 469-1,008 5.0 
184-366 0.2 13 1-26 1.3 
55-366 2.0 752 482-1,022 21.2 4.4 
1986 55-183 3.4 1.078 871-1,285 3.5 
184-366 0.2 18 6-29 0.2 
55-366 2.7 1,096 888-1,303 11.3 2.9 
densities in the U.S.-Vancouver area (14.5 kg/km) were 
much greater than in the Columbia (3.5 kg/km), Eu-
reka (0.5 kg/km), or Monterey (0.1 kg/km) areas. 
Highest densities were found north of the Columbia 
River in all years, and low densities occurred south of 
Cape Blanco, Oregon; the species was absent in survey 
samples from south of San Francisco Bay (lat. 37'30'N). 
We concluded that both depth zones provided impor-
tant habitat because densities in the shallow zone were 
usually commensurate with densities in adjacent sec-
tions of the deep zone. Densities and distributions were 
similar throughout the study period. 
Columbia 
CV Mean CV 
(%) CPUE Biomass CI (%) 
0.8 612 300-924 
0.8 238 75-400 
30.5 0.8 849 501-1,198 24.4 
1.1 1,262 777-1,747 
0.2 53 0-112 
58.6 0.9 1,315 826-1,804 20.0 
2.0 2,271 1,882-2,660 
0.5 158 39-278 
27.7 1.7 2,430 2,025-2,834 10.0 
2.2 2,733 2,235-3,232 
0.5 134 33-235 
11.8 1.9 2,867 2,360-3,374 10.6 
Monterey Total 
CV Mean CV 
Biomass Cl (%) CPUE Biomass CI (%) 
829 378-1,280 0.9 1,507 1,005-2,008 
33 0-73 0.5 278 113-443 
862 409-1,314 24.6 0.8 1,785 1,26 I -2,308 16.7 
558 320-796 l.l 2,474 1,708-3,240 
45 5-85 0.2 125 52-198 
603 362-844 23.9 0.9 2,598 1,827-3,369 17.5 
3,168 2,224-4,111 2.9 6,811 5,718-7,903 
156 0-331 0.6 369 158-579 
3,324 2,366-4,281 17.2 2.4 7,180 6,069-8,291 9.3 
2,285 1,824-2,746 2.9 7,118 6,250-7,987 
23 3-42 0.3 195 87-303 
2,308 1,846-2,769 12.0 2.4 7,313 6,439-8,188 7.2 
The biomass estimates (Fig. 43, Table 18) of this 
study are conservative. The aforementioned survey of 
the continental slope in 1984 (Raymore and Weinberg, 
1990) indicates that over one third of the arrowtooth 
flounder biomass could occur between 366 and 549 m, 
a depth interval not covered in this study. Almost all of 
the estimated arrowtooth flounder biomass occurred in 
the U.S.-Vancouver and northern Columbia areas (Fig. 
43). In all four years, biomass estimates were similar in 
the U.S.-Vancouver area and the Columbia area. 
Declines in biomass occurred in these two areas be-
tween 1977 and 1983; the 1983 biomass estimates were 
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Figure 34 
Estimates of English sole, Pleuronecles velulus, biomass and associated 
90% confidence intervals by International North Pacific Fisheries Com-
mission (INPFC) area and year. 
less than 30% of the 1977 estimates. That trend was 
contrary to what was obseI\led for other flatfishes. In-
creased fishing mortality may have played a role in 
reducing population size, or the conditions which fa-
vored high production in English, Dover, and rex soles 
during those years may not have benefitted arrowtooth 
flounder populations in this region. Another possibility 
is that the apparent reduction in stock size in 1983 was, 
instead, a northward displacement of this more north-
erly distributed species brought on by the unusually 
warm water temperatures of that year. The latter hy-
pothesis appears weak based on the analysis of flatfish 
distribution and water temperatures discussed in the 
following section. 
The total biomass estimate rose in 1986 to 9,812 t, 
representing an 86% increase from the 1983 level, but 
that was still only 62% of the 1977 estimated abun-
dance. Variances associated with the total biomass esti-
mates tended to be larger than for the other flatfishes, 
with CV's ranging from about 7 to 30%. Confidence 
inteI\lals also were generally wider and fewer pairs of 
biomass estimates generated significant Zvalues (Table 
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Figure 35 
English sole, PleuTonecles veluius, length compositions by year, depth, and sex. 
7). The total biomass estimate for 1983 was significan tly 
smaller than both the 1977 and 1986 estimates. Thus, 
the indicated major decline in total abundance be-
tween 1977 and 1983 and subsequent recovery in 1986 
can be accepted. 
Length data, available only for 1980 and 1986, showed 
considerable variability because of small sample sizes 
(Fig. 44). Arrowtooth flounder ranged in length from 
11 to 80 cm, but most were between 15 and 60 cm. 
Several length modes were present in both years. Small 
arrowtooth flounder of 18-22 cm, which were absent in 
1980, were abundant in 1986 and probably represent 
the recruitment of a relatively strong year class. Strong 
modes between 28 and 55 cm suggest that highly vari-
able recruitment is common. Almost all specimens 
greater than 50 cm were females. As with most other 
groundfish species, length and bottom depth are 
strongly associated. Virtually all specimens less than 25 
cm and most less than 40 cm were found on the conti-
nental shelf. Although some of the largest specimens 
were captured in the shallow stratum, most of the larger 
fish inhabited the upper continental slope. 
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Figure 36 
Distribution of Dover sole, Microstomus pacificus, during 1977, 1980, 1983, and 1986 
National Marine Fisheries Service bottom trawl surveys. 
Sea Temperatures and Groundfish Distribution 
We examined the relationship between bottom tem-
perature and fish distribution as a factor that might 
explain some of the observed interannual variability in 
distribution. The period spanned by this study was of 
particular interest because a strong EI Nino phenom-
enon occurred in 1983, resulting in an environmental 
anomaly that could have stimulated observable changes 
in distribution. 
Unfortunately, bottom temperature data are sparse 
and were not always collected in a way that adequately 
represented the full range of latitudes and depths sur-
veyed. As previously mentioned, bottom temperature 
data collected during the 1977 survey were excluded 
from this analysis. Bottom temperatures were collected 
from 62 of 586 hauls (11 %) in 1980, 92 of 596 hauls 
(15%) in 1983, and 202 of 569 hauls (36%) in 1986. 
Temperatures were averaged by 0.5° latitudinal inter-
vals for each year (Fig. 45). Surface temperatures gen-
erally decreased from lat. 3TOO' to 39°30'N, remained 
relatively constant from lat. 39°30'N to 44°00'N, and 
increased northward before they decreased again at the 
northern limit of the survey area. The area off Califor-
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Estimates of Dover sole, Microstomus pacificus, biomass and associated 
90% confidence intervals by International North Pacific Fisheries Com-
mission (INPFC) area and year. 
nia is known for strong upwelling during the summer, 
which depresses surface temperatures (Ingraham and 
Love, 1978). Upwelling weakens off northern Oregon 
and Washington. Reduced temperatures in the extreme 
northern portion of the survey area may have resulted 
from mixing from strong tidal flows in the vicinity of 
the Strait of Juan de Fuca. Bottom temperatures, on the 
other hand, usually decreased steadily with increasing 
latitude. Both surface and bottom temperatures were 
generally warmer coastwide in 1983 than in the other 
survey years, as a result of the EI Nino event. Surface 
temperatures off Oregon and Washington were unusu-
ally warm in 1983; means ranged from 2 to 6'C higher 
than those observed in previous surveys. 
The temperature regime preferred by each species 
was examined by plotting CPUE against bottom tem-
peratures. During 1980, 1983, and 1986, bottom tem-
peratures usually ranged from 5.5 to 11.0'C. The flat-
fishes were most dense where temperatures were 
mid-range, with highest CPUE observations occurring 
between 6.5' and 8.0'C in the "normal" years of 1980 
and 1986 (Fig. 46). However, in 1983 all flatfish species 
were most densely distributed at about 9.0'C, suggest-
ing that those species did not avoid unusually warm 
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Table 16 
Dover sole, Microstomus pacificus - Mean catch per unit of effort (CPUE) (kg/ km trawled) . biomass estimates 
(metric tons). 90% confidence intervals (CI). and coefficients of variation (CY in %) of biomass estimates by 
International North Pacific Fisheries Commission statistical area. depth stratum. and year. 
U.S.-Vancouver 
Depth Mean 
Year stratum (m) CrUE Biomass CI 
1977 91-183 2.7 576 220-933 
184-366 15.1 1.330 982-1 .678 
91-366 6.4 1,907 1,419-2,395 
1980 55-183 2.3 595 108-1,082 
184-366 17.6 1,574 713-2,436 
55-366 6.2 2,170 1,2 13-3,126 
1983 55-183 2.7 715 225-1,206 
184-366 10.8 967 594-1,340 
55-366 4.8 1.682 1,088-2,276 
1986 55-183 2.3 650 509-791 
184-366 8.7 768 227-1.308 
55-366 3.9 1,418 864-1.971 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CrUE Biomass CI (%) CPUE 
1977 91-183 1.9 336 78-594 3.5 
184-366 10.9 875 260-1,489 18.8 
91-366 4.7 1.211 554- 1,868 32.0 7.0 
1980 55-183 2.1 430 171-689 2.2 
184-366 7.9 630 364-897 10.0 
55-366 3.8 1.060 705-1 ,4 16 19.5 3.4 
1983 55-183 3.0 911 503-1 .320 3.4 
184-366 24.9 1,99 1 1,277-2,704 26.6 
55- 366 7.6 2,902 2.098-3,706 16.1 7.1 
1986 55-183 7.6 2,433 1,896-2,970 7.7 
184-366 26.6 2,244 1,383-3,106 28.8 
55-366 11.6 4,677 3,687-5,667 12.3 11.0 
temperatures by migrating to deeper or more northern 
waters. Water temperatures in 1983, though higher, 
may still have been within the comfort range for flat-
fishes and thus failed to trigger major avoidance move-
ments. 
Sable fish seemed to demonstrate stronger tempera-
ture preferences than flatfish es during the three years. 
While some sable fish clearly inhabited waters warmer 
than 9·C in 1983, highest densities generally occurred 
in waters colder than 8.0·C. which was consistent with 
the other two years (Fig. 47). In 1983, 37% of the 
estimated biomass occurred in the 184-366 m depth 
zone compared to only 15% in 1980 and 22% in 1986 
Columbia 
CV '.1ean CV 
(%) CPUE Biomass CI (%) 
6.2 4.895 3.878-5.9 11 
12.1 3,592 2,824-4 ,359 
15.2 7.9 8,486 7.221-9,752 9.0 
2.9 3,326 2,613-4,038 
5.2 1,565 748-2,381 
23.1 3.3 4,890 3,839-5,942 12.7 
4.2 4,911 3,817-6,006 
14.5 4,372 3,2 18-5,525 
20.6 6.3 9,283 7,722-10,843 10.0 
6.2 7,616 6,347-8,885 
9.8 2,716 1.753-3.679 
22.0 6.9 10.332 8.772-11,892 9.0 
Monterey Total 
CV Mean CV 
Biomass CI (%) CPUE Biomass CI (%) 
1,238 947-1 ,528 4.6 7,045 5.909-8, 180 
2.213 1.677-2,750 13.6 8,010 6,866-9,154 
3.451 2.849-4,052 10.3 7.1 15,054 13,445-16.664 6.4 
1.375 797-1 ,952 2.5 5,725 4,672-6,778 
1,203 557-1 .850 8.4 4,973 3,684-6.262 
2.578 1.725-3,431 19.7 3.7 10,698 9.047-12,349 9.3 
2.1 55 1,25 1-3.059 3.7 8,692 7.157-10.228 
3.220 2,309-4.130 17.8 10,549 8,938-12,160 
5.375 4.11 3-6,636 14 .0 6.5 19,241 17.032-21 ,451 6.9 
5.504 3.8 12-6.295 6.3 15,752 13,536-17,968 
3.641 2,178-5. 104 16.3 9,370 6.855-11 ,886 
8,695 6.829-10.560 12.7 8.2 25 .1 21 21,824-28.4 18 7.8 
(Table 13) . This information suggests that sablefish 
responded to the EI Nino conditions in 1983 by moving 
down the continental slope to cooler habitats. Because 
only a portion of the sable fish population was sampled 
by the triennial surveys. it is uncertain how the popula-
tion as a whole reacted to the warmer conditions. 
The greatest densities of ling cod were found at slightly 
different temperatures each year (Fig. 47) . Highest 
CPUE values were observed between 7· and 8· in 1980. 
8· and 10· in ] 983. and 6.5" and 7.5"C in 1986. The 
depth and latitudinal distribution of lingcod was simi-
lar in all years. suggesting that it also did not seek 
different habitat in response to warming in ]983. Ling-
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Dover sole, Microstomus pacificus, length compositions by year, depth, and sex:. 
cod are relatively sedentary and, like flatfishes, are closely 
associated with a particular substrate (generally hard 
bottom). A strong substrate preference could have in-
hibited movement in response to the range of tempera-
tures observed during the study period. 
We could not clearly demonstrate that Pacific hake 
avoided the warmer temperatures of 1983. This species 
occurred over a broad temperature range in 1983, and 
its highest densities that year were found in water warmer 
than in 1980 and 1986 (Fig. 47). Latitudinal shifts in 
densities or biomass are, to a large extent, related to 
population age composition, which would tend to con-
found any attempt to relate distribution and tempera-
tures. While we noted that three-year-old hake, which 
are not normally found in the northern portion of the 
survey area, were clearly more prominent there in 1983, 
an explanation is elusive. The temperature regime could 
have played a role, as could have the unusually large 
size of the 1980 year class. We have observed that large 
year classes often occupy a greater latitudinal range 
than do less abundant ones. 
The five rockfish species examined also failed to 
show any pronounced changes in density that might be 
considered a response to changes in the temperature 
regime. The 1983 distributions of each of the five rock-
fishes were spread over a broader range of tempera-
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Figure 39 
Distribution of rex sole, Errexzachirus, during 1977,1980,1983, and 1986 National 
Marine Fisheries Service bottom trawl surveys. 
tures, and highest CPUE tended to be associated with 
slightly warmer water than was observed in the other 
two years (Fig, 48). Coupled with the lack of any indica-
tion of depth or latitudinal shifts in their distribution, 
this would indicate that these rockfishes remained on 
their usual grounds in 1983 and endured the influx of 
warmer water. 
From this examination, only sablefish exhibited a 
clear response to warmer conditions brought on by the 
1982-83 El Nino. Sablefish is a relatively mobile species 
that commonly undergoes seasonal bathymetric migra-
tions (Heyamoto and Alton, 1965; Alton, 1972; Tupo-
nogov and Kodolov, 1983) and moves considerably 
within the water column. Although its SenSltiVlty to 
temperature may prevail over its responses to other 
habitat parameters, the species is known to tolerate a 
wide temperature range. Pacific hake shares many be-
havioral characteristics with sablefish, and there is some 
evidence that the large 1980 year class might have sought 
cooler temperatures through a general northward move-
ment. Pacific hake data will have to be reviewed by age 
group to interpret the effects of temperature on distri-
bution. We were not able to detect an aversion to the 
warm conditions present in 1983 in true demersal spe-
cies (flatfishes, lingcod, and rockfishes). We surmise 
that other features of their habitat exerted stronger 
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Estimates of rex sole, Errex zachirus, biomass and associated 90% confi-
dence intervals by International North Pacific Fisheries Commission 
(INPFC) area and year. 
influences over their behavior than did the differences 
in temperature range. 
cies, but CPUE and estimates of biomass were derived 
for a variety of commercially important species. Canary 
and yellowtail rockfish and Pacific hake were most fre-
quently designated as "target" species, but we also fo-
cused on bocaccio and chili pepper during the 1977 
survey. 
Discussion 
In summary, data collected in bottom trawl surveys 
during the summers of 1977, 1980, 1983, and 1986 off 
Washington, Oregon, and California were compared to 
examine trends in groundfish population sizes. The 
sampling effort was designed to provide the most pre-
cise and comprehensive information on a few key spe-
The estimated abundance of Pacific hake tended to 
increase, canary and yellowtail rockfish abundance esti-
mates decreased, and bocaccio and chilipepper abun-
dance estimates held relatively stable over the study 
period. Among the secondary study species, English 
sole, rex sole, and Dover sole abundance estimates 
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Table 17 
Rex sole, Errex zachiros - Mean catch per unit of effort (CPU E) (kg/km trawled), biomass estimates (metric tons), 
90% confidence intelVals (CI), and coefficients of variation (CV in %) of biomass estimates by International North 
Pacific Fisheries Commission statistical area, depth stratum, and year. 
U .s,·Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass CI 
1977 91-183 0,9 185 66-305 
184-366 3,7 323 190-456 
91-366 1.7 508 332-684 
1980 55-\83 1.7 449 0-921 
184-366 3.3 297 57-536 
55-366 2,1 746 234-1,258 
1983 55-183 I.l 293 185-401 
184-366 2,3 208 115-300 
55-366 1.4 501 362-640 
1986 55-183 1.8 486 423-548 
184-366 1.3 114 58-170 
55-366 1.6 600 518-682 
Eureka 
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass CI (%) CPUE 
1977 91-183 0.1 21 6-36 l.l 
184-366 1.9 153 41-266 3,9 
91-366 0,7 174 61 - 288 38,0 1.8 
1980 55-183 0.4 73 34-111 0,8 
184-366 1.4 112 30-\95 2,5 
55-366 0.7 185 97-273 26,5 1.1 
1983 55-183 1.4 420 239-600 2,5 
184-366 8,2 658 325-991 4,6 
55-366 2,8 1,078 714-1,442 19,3 2,8 
1986 55-183 7,6 1,144 858- 1,429 3,0 
184-366 8.4 710 433-986 9,1 
55-366 4,6 1,853 1,466-2,240 12,4 4,5 
increased. Estimates of sablefish abundance increased 
between 1977 and 1980 and then decreased steadily, 
Pacific ocean perch, lingcod, and, to a lesser extent, 
arrowtooth flounder abundance estimates showed rather 
precipitous decreases. However, none of the in terannual 
differences in estimated abundance for sablefish or any 
of the rockfishes were statistically significant. 
Population trends within INPFC areas tended to par-
allel the overall coastwide trend for each species, but 
frequent exceptions did occur. For instance, almost all 
of the decline in canary rockfish abundance took place 
in the U.S.-Vancouver area. Likewise, yellowtail rock-
Columbia 
CV Mean CV 
(%) CPUE Biomass CI (%) 
1.5 1,153 863-1,443 
1.9 573 419-728 
20,7 1.6 1,726 1,400-2,052 11.3 
1.2 1,347 997-\,696 
1.2 345 149-541 
39.4 1.2 1,691 1,295-2,088 IU 
3,7 4,264 3,419-5,109 
4.5 1,286 930-1,642 
16,5 3,8 5,550 4,638-6,462 9,9 
4,1 5,064 4,369-5,760 
4,1 1,140 821-1,459 
~,2 4.1 6,204 5,448-6,960 7.3 
Monterey Total 
CV Mean CV 
Biomass CI (%) CPUE Biomass CI (%) 
401 201-600 1.2 \,759 1,394-2,124 
454 353-554 2,6 1,503 1,256-1,750 
854 634-1,074 15,0 1.5 3,263 2,823-3,702 8,1 
527 334-719 1.1 2,395 1,789-3,001 
297 111-482 1.8 1,050 703-1 ,397 
823 561-1 ,086 19,1 1.2 3,445 2,752-4 ,138 12,1 
1,559 1,019-2,099 2,8 6,536 5,516-7,556 
555 333-778 4,6 2,707 2,189-3,224 
2,114 1,534-2,693 16.4 3,1 9,242 8, I 02-1 0,382 7.4 
2,385 1,745-3,024 3,7 9,078 7,915-10,241 
1,1 54 683-1,624 5.4 3,117 2,318-3,915 
3,538 2,763-4,314 13,1 4,0 12,195 10,807-13,584 6,9 
fish abundance estimates decreased in the U.S.-
Vancouver and Columbia areas but were stable or in-
creased elsewhere. Changes in flatfish abundance 
seemed to be more uniform among INPFC areas. This 
may be due to dissimilarities between non-flatfish and 
flatfish responses to small-scale environmental changes 
and to their distinctly different recruitment mecha-
nisms, or it may be an artifact of sampling variability 
(i.e. because flatfish distributions are generally more uni-
form, estimates of their biomass are usually less variable) . 
Precision has long been a concern to researchers 
estimating population abundance. Fishery research lit-
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Figure 41 
Rex sole, En-ex zachirus, length compositions by year, depth, and sex. 
erature contains a multitude of studies directed at con-
trolling the variance of abundance estimates using a 
variety of survey designs and data manipulations (Byrne 
et aI., 1981; Pennington and Brown, 1981; Wilkins and 
Golden, 1983; Smith and Gavaris, 1993). Trawl sam-
pling is time consuming and costly; thus survey designs 
that seek to increase precision are often compromised 
by operational and fiscal realities. Hydroacoustic sur-
veys, to a large extent, can overcome the problem with 
their inherent capability of sampling at very high rates. 
Our study utilized sampling designs that were molded 
by the need to obtain relatively precise abundance esti-
mates for the target species without sacrificing the im-
portant multispecies aspects of the triennial surveys. 
The first priority was to preserve the multispecies time 
series by providing a minimum level of sampling 
throughout the survey area; the second priority was to 
allocate all remaining samples to areas where target 
species were expected to be most abundant and sampling 
variability the highest. Much of the sampling effort was 
therefore assigned to important rockfish areas because it 
is well known that most rockfish species exhibit extremely 
contagious distributions, requiring intensive sampling or 
effective stratification to gain control of variance. 
Coefficients of variation can give some insight into 
species' schooling or aggregating behavior. As expected, 
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Distribution of arrowtooth flounder, Atheresthes stomias, during 1977, 1980, 1983, 
and 1986 National Marine Fisheries Service bottom trawl surveys. 
the magnitude of the CV's varied markedly among 
species. Mean CV's were calculated using total biomass 
estimates and variance of the biomass for the four sur-
veys. Average CV's were highest for bocaccio, canary 
rockfish, lingcod, chilipepper, yellowtail rockfish, Pa-
cific ocean perch, and sablefish, averaging 46, 43, 38, 
38, 34, 33, and 27%, respectively. This would suggest 
that these species have the most nonuniform or conta-
gious distributions. Arrowtooth flounder and Pacific 
hake biomass estimates displayed intermediate variabil-
itywith CV's averaging 18 and 16%, respectively. Small-
est CV's were indicative of the most uniformly distrib-
uted species and belonged to the flatfish group com-
prised of Dover, rex, and English soles. Those three 
species had CV's of 8,9, and 13%, respectively. 
The variances associated with biomass estimates were 
determined largely by each species' distribution and 
characteristics of the experimen tal design. The extreme 
patchiness of rockfish distribution and the relatively 
uniform and ubiquitous flatfish distributions were in-
fluential in fixing the precision levels for the two groups. 
Canary and yellowtail rockfish were principal survey 
species that received special sampling considerations 
aimed at reducing variance. Even so, abundance esti-
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Figure 43 
Estimates of arrowtooth flounder, Atheresthes stomias, biomass and associ-
ated 90% confidence intervals by International North Pacific Fisheries 
Commission (INPFC) area and year. 
mates for those species were relatively imprecise. The 
survey design was modified in 1980 in an effort to 
improve precision, particularly in the Columbia area, 
through more accurate delineation of canary and yel-
lowtail rockfish distribution (based on commercial fish-
ery data) and reallocation of sampling effort. Although 
this resulted in more precise estimates in the Columbia 
area, no clear improvement in the precision of the total 
estimates was noted for either species. While the same 
design was employed in 1983 to provide information on 
the stability of variances, additional time at the comple-
tion of the survey was used to sample an additional 44 
stations in the U.S-Vancouver area. The 1980 CV for 
canary rockfish in that area was reduced by more than 
half, but the yellowtail rockfish CV actually increased. 
Clearly, interannual variation in distribution or behav-
ior can confound efforts to develop a sampling strategy 
based on historical data. This was further demonstrated 
in 1986 when the sampling design was based on a much 
more rigorous analysis of historical fishery and survey 
data. Results were mixed: precision improved in some 
strata but remained unchanged or deteriorated in other 
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Table 18 
Arrowtooth flounder, Atheresthes stomias - Mean catch per unit of effort (CPU E) (kg/km trawled), biomass estimates 
(metric tons), 90% confidence intervals (CI), and coefficients of variation (CV in %) of biomass estimates by 
International North Pacific Fisheries Commission statistical area, depth stratum, and year. 
U.S.-Vancouver 
Depth Mean 
Year stratum (m) CPUE Biomass CI 
1977 91-183 12.2 2,575 846-4,304 
184-366 60.2 5,319 0-11,743 
91-366 26.4 7,894 1 ,283-14,505 
1980 55-183 11.9 3,121 0-6,541 
184-366 9.8 877 175-1,579 
55-366 11.3 3,998 542-7,453 
1983 55-183 3.9 1,026 357-1,695 
184-366 17.2 1,540 867-2,214 
55-366 7.3 2,567 1,658-3,475 
1986 55-183 11.0 3,050 2,492-3,608 
184-366 19.4 1,711 1,199-2,224 
55-366 13.0 4,761 4,024-5,498 
Eureka 
--
Depth Mean CV Mean 
Year stratum (m) CPUE Biomass Cl (%) CrUE 
1977 91-183 0.8 151 28-274 0.2 
184-366 0.6 46 0-94 0.5 
91-366 0.8 197 68-327 38.3 0.2 
1980 55-183 0.3 54 14-94 <0.1 
184-366 0.4 36 6-66 0.1 
55-366 0.3 90 42-138 31.0 <0.1 
1983 55-183 0.2 45 16-74' <0.1 
184-366 1.2 94 45-143 0.2 
55-366 0.4 139 84-194 23.1 0.1 
1986 55-183 0.2 80 48-112 0.1 
184-366 0.4 31 12-49 0.1 
55-366 0.3 III 74-147 19.5 0.1 
areas where historical data failed to predict current 
distribution. 
Another question contingent upon the precision of 
biomass estimates is whether the observed differences 
were statistically significant. Due to the large variances 
associated with biomass estimates of many of these spe-
cies, most differences observed between years were not 
statistically significant. As expected, the surveys were 
most sensitive to popUlation changes in species with 
relatively small CV's such as Pacific hake and flatfishes. 
In some INPFC areas, biomass estimates for canary and 
yellowtail rockfish differed by factors as great as 35 and 
11, respectively, among years; however, these estimates 
Columbia 
CV Mean CV 
(%) CPUE Biomass CI (%) 
6.2 4,818 2,456-7,181 
9.4 2,806 1,376-4,236 
48.0 7.1 7,624 4,928-10,321 20.7 
1.5 1,779 484-3,074 
3.9 1,164 696-1,631 
49.7 2.0 2,943 1,751-4,135 20.8 
1.3 1,482 1,161-1,803 
3.5 1,058 767-1,350 
20.7 I.7 2,540 2,115-2,966 10.0 
2.8 3,445 2,807-4,083 
5.0 1,396 1,026-1,766 
9.2 3.2 4,841 4,1l8-5,564 8.9 
Monterey Total 
-
CV Mean CV 
Biomass CI (%) CrUE Biomass Cl (%) 
51 8-94 5.0 7,595 4,734-10,456 
48 14-81 14.4 8,219 1,662-14,776 
98 48-148 29.6 7.6 15,814 8,754-22,873 25.9 
7 0-15 2.2 4,960 1,444-8,476 
14 0-37 3.5 2,092 1,293-2,89 I 
21 0-45 61.2 4.1 7,052 3,466-10,638 29.5 
15 0-30 l.l 2,568 1,844-3,292 
25 1-48 4.6 2,717 1,994-3,441 
39 12-67 41.7 1.8 5,285 4,289-6,282 11.2 
88 29-148 2.7 6,663 5,652-7,675 
to 0-21 5.5 3,148 2,536-3,760 
98 38-159 36.8 3.2 9,812 8,645-10,978 7.1 
were not found to be significantly different. Impreci-
sion of such magnitude causes one to question the 
utility of trawl surveys for rockfish assessment. It cer-
tainly em phasizes the need to review all elemen ts of the 
experimental design and perhaps consider other as-
sessment strategies. We used the results of the 1977-86 
triennial surveys to compare projected and realized 
precision levels of rockfish abundance estimates. We 
concluded that we could not reasonably expect future 
"area-swept" surveys to furnish adequate information to 
discern rockfish abundance trends and have deleted 
this objective from triennial bottom trawl surveys con-
ducted since 1989. 
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Figure 44 
Arrowtooth flounder, Atheresthes stomias, length compositions by year, depth, and sex. 
The accuracy of population estimates based on bot-
tom trawl surveys is a continuing concern and is not as 
easily addressed as the question of precision. Typically, 
evaluations of accuracy rely on comparison of survey 
estimates with estimates derived independently. Re-
source assessments based on commercial catch-and-
effort data have been unavailable for many west coast 
species until recently because of the lack of adequate 
fishery statistics and biological data. However, since 
implementation of the groundfish management plan 
in 1981, improvements have been made in the collec-
tion of commercial fisheries statistics and some new 
assessments have followed. 
Independent assessments that provide for compari-
sons with the survey results are available only for canary 
rockfish, yellowtail rockfish, and sablefish (Fig. 49). A 
cohort analysis was conducted on yellowtail rockfish 
(Tagarr7), which provides annual biomass estimates for 
the INPFC Columbia area from 1977 to 1985, and a 
dynamic pool model was used to project the biomass in 
1986. The initial instantaneous rate of fishing mortality 
was unknown, so Tagart used a range of 0.05-0.30. The 
estimates (Fig. 49) are the averages of estimates derived 
using initial fishing mortalities of 0.10 and 0.15, which 
Tagart considered to be liberal and conservative esti-
mates respectively. The survey and cohort analysis popu-
lation trends were similar, both indicating a marked 
decline between 1977 and 1980 with a very slow decline 
or near-stability subsequently. Estimates of absolute 
abundance derived by cohort analysis are 3-5 times 
larger than those from the bottom trawl surveys and 
serve as an indication that the true catchability of the 
survey trawl is considerably less than the assumed value 
of 1.0. 
Cohort analysis and catch-at-age analysis (CAGEAN) 
were used by GoldenS in an assessment of canary rock-
fish in the INPFC Columbia area. He generated annual 
exploitable biomass estimates from 1980 to 1986 using 
instantaneous natural mortality rates (M) of 0.05 and 
0.10. The values in Figure 49 were derived using M = 
0.05. In this instance, the cohort analysis and CAGEAN 
produced quite different estimates of absolute abun-
dance, but the trends were similar. Both analyses por-
trayed decreasing biomass from 1980 to 1984 and sub-
sequent increases. Survey biomass estimates, in fact, 
followed the opposite trend. Canary rockfish presented 
a worst case example of patchy distribution and the 
greatest challenge in obtaining reasonable precision. It 
may be that sampling variability was responsible for the 
failure of survey data to correspond to the other indices 
or that the species was relatively unavailable during the 
time of the survey in the Columbia area. Once again, we 
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Sea surface and bottom (55-366 m) temperatures averaged by 
30' latitudinal intervals by year. 
believe that the biomass estimates from the bottom 
trawl survey were only a fraction of the estimates from 
analysis of fishery data because catchability was lower 
than assumed. 
Sablefish biomass estimates from bottom trawl sur-
veys in the Columbia and U.S.-Vancouver areas were 
compared with indices of changes in relative abun-
dance of sablefish obtained from AFSC trap surveys 
(Parks and Shaw, 1988) in the same region (Fig. 49). 
The general trends in biomass were similar. Both stud-
ies showed increasing sable fish biomass during 1980-
83 with ensuing decreases. Methot and Hightowerl5 
also found that the abundance of age-1 sablefish in the 
trawl surveys (left-hand size mode in Fig. 30) was consis-
tent with the magnitude of the population inferred 
from commercial catch levels. 
These limited comparisons are inconclusive but sug-
gest that even though there may be considerable vari-
ability around survey estimates of abundance, long-term 
trends can compare favorably with trends derived by 
other methods. However, some species, such as canary 
rockfish, may never be tracked very accurately with any 
practical level of sampling effort. More conclusive evalu-
ations of accuracy must await additional independent 
resource assessments and longer time series. It is no-
table that survey estimates are always considerably 
smaller than those based on catch data except for age-1 
sablefish. This is largely due to the probable violation of 
catchability a"sumptions associated with the survey, re-
sulting in an underestimation of biomass. The differ-
ence between estimates of absolute abundance from 
survey and fisher/-based models could be considered a 
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Relationship between Pacific hake, Merluccius productus, sablefish, Anoplopoma fimbria, and lingcod, Ophiodon 
elongatus, catch per unit of effort (CPUE) and bottom temperature by year. 
gross indication of true catchability. More comparisons 
of this type, accompanied by dedicated studies of trawl 
performance and fish behavior, should begin to pro-
vide some insight to real catchability values and better 
estimates of absolute abundance. 
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Sebastes flavidus, cohort analysis from Tagart, text foot-
note 9; canary rockfish, S. pinniger, catch-at-age analysis 
(CAGEAN) and cohort analysis from Golden, text foot-
note 8; sablefish, Anoplopoma fimbria, trap analysis from 
Parks and Shaw, 1988.) VPA = virtual population analy-
sis; INPFC = International Pacific Fisheries Commission. 
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